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APPENDIX I.l1 THE DUAL-GAP ANALYSIS OF DEVELOPMENT, AND CAPITAL INFLOWS

National income accounting identities indicate that total
income (or expenditure or output) is equal to the sum of private
and government consumption, investment and net exports. Algebrai-
cally we have an ex—post identity

Y=C+I+E-M where Y is total expenditure
C is total consumption
I is investment and
E-M is the difference
between exports and
imports.
Successive rearrangements of the identity show the following:
S=I1I+E-M where S =Y - C with S as savings
and § - I =E - M
Thus if total actual investment exceeds total savings then of ne-
cessity imports of goods and services must be greater than exports
by an equal amount. Expressed alternatively, the gap between savings
and investment is equal to the gap between exports and imports. Or
in yet another way, if domestic saving is insufficient to cover
total investment, then saving must be made by the foreign sector
in the form of a payments deficit; this view being occasionally re-
ferred to as imported saving.

Whereas the above relationship is necessarily true ex post,there
is no such necessity in the ex ante sense, and dual-gap analysis shows
that growth is limited by the larger of the two gaps and provides a -
valuable basis for the theoretical analysis of the role of capital

inflows in developing economies.



The analysis may be developed in two stages, one a Vvery simple
description and the second a slightly more elaborate one to de-
monstrate the effects of different levels of savings and imports
during the process of development.
The starting point is the basic inequality
I < F+S§ (1) where I - investment
S - savings

F - capital inflows
from abroad

which incorporates the saving-investment gap.
It is also true that
M < F+E (2) where M - imports
E - exports
representing the export-import gap.
Assume that there is a fixed average propensity to import, m, out
of GDP, Y, such that:
M = mY (3)
and that savings represent a fixed proportion of income
S =sY (4)
while GDP is determined according to the following

Yy = 1 1 (5)

k
where k may be interpreted as the proportion of GDP devoted to

investment.
Thus inequality (1) may be restated as

1 F + sY

IN

I~
+xj
+
n
—



and 1 i A F (la)
1 -s
k

Inequality (2) may be written

mY < F+ E

m. 1 I < F+E
k
I < k (F+E) (2a)
m

Thus, if F and E are exogenously determined then investment and,
by virtue of equation (5), output are seen to be constrained by
either (la) or (2a), and these are simply re-arrangements of the
original savings—investment and export-import gaps respectively.
Various observations may be made. As k increases, i.e. as
the proportion of GDP devoted to investment rises, then the sav-
ings—investment gap is likely to be the dominant constraint, since

the ratio k will rise in (2a) and the denominator will fall
m

in (la). Conversely as s rises; the import—export gap is more
likely to be dominant. Finally if m can be reduced then the fore-
ign resource constraint is likely to diminish in importance. The
Dual-gap analysis has a particular utility in planning over a given
time horizon. Consider first the savings-investment gap in the base

year, O

rxj
]

o= %

cr* Y g~ sYy

(er* - s)Y, (6)



where F, I, S, Y and s are as above but with time subscripts and
a Harrod-Domar type association is assumed between investment and
GDP with r* as a target growth rate and c the incremental capital-

output ratio.

r* = i
T
= s . 1 = I . 1
Y c Y c
. . I = cr*Y (7)

The expected level of saving in period t, S;

Sy = sYy + s"(¥y - Yp) (8)

where s"is the marginal savings ratio
From (7) we have investment in period t
Iy = cr*¥y

and the savings—investment gap in time period t is given by

Ft = Iy — St = cr*¥g ~ [sYy + s’ (Y - Yol

(cr* - s’)Yt - (s - s’)Yo (9)

A necessary condition for decreasing dependence on capital inflows
from abroad is that

Ft < Fp
i.e. from equations (6) and (9)

(cr* - s/)Y - (s=s’)Y < (cr* - s)¥
t 0 0



which may be reduced to
(cr* = s’) (Y4 —¥y) < O
so that Ftf < Fyq

only 1if

that is s < s since cr* =1
Y

=S =s.
Y

Thus a country can expect a declining level of dependence on capital
inflows only if its marginal propensity to save is greater than its
average propensity, i.e. only if the economy manages to save an in-
creasing proportion of income.

It is also possible to calculate the number of years which will
be required before foreign assistance reduces to zero. Consider the
terminal year, T,such that

F = (cr* -s')Y - (s -s8)Y=0
T T

cr*x - s/
It is also true that YT = (1 + r*)TYb

..(l+r*)T=S-S’
cr* - g7

and therefore T, may be calculated.



The Export-Import Gap

Consideration is now turned to the situation in which the export-
import gap is dominant, i.e.

where F =M -X

=mY - %) where m is the average propensity
to import.
Imports and exports in year t are given respectively by
M £ = mY0 + m’(Yt - Y0 ) where m” is the marginal propensity
. to import
t
Xt =(l+r) Xo where r 1is the average annual
e e
growth of exports.

Thus the foreign resource gap in year t, Ft,is

Ft =Mt - Xg=m¥o+m” (Y4~ Y) - Xy

Reliance on capital inflows declines if
that is, 1f
m’(Yy - ¥o) - Xy - X < O
g A
then m° < /AX where 4X and AY represent the changes
AY
in X and Y respectively.

This yields a formal demonstration of the expected result that the

requirement for foreign capital inflows falls only if the marginal



propensity to import is less than the "marginal propensity to
export" or the proportion of additional output which is exported.
It has been shown that the largef of the two gaps becomes a
dominant constraint on development, and the role of foreign capital
inflows in filling both gaps has been demonstrated, together with
the conditions necessary from this model for the elimination of the

need for foreign assistance.



Appendix III.1 DEFLATION PROCEDURES AND BASE YEAR CONVERSIONS

The Implicit Deflator

Substantial use is made of implicit deflators, and it 1is necessary
to outline the principles underlying their use.

The current year value of GDP, Vc is given by

VC =ZP? Q? . (1) where P? and Q? represent the
current year price and volume of
the ith good. In practice Pi and
Q; represent the aggregation of
several similar goods into one sec-—
tor, with P; a composited weighted
price index.

The value in constant (base year) prices of the same years GDP, V is
Vb =ZP? Q? (2) where P? is the base year
price of good i.

It is common practice to calculate the implicit price index or de-

flator, I°, as

D o (3)

The effect of this is to regard GDP or national output as one

homogenous good with a notional price measured by ID.

A similar procedure may be applied to individual sectors.



The conversion of base years

It is frequently necessary to construct continuous data series from
two or more overlapping series with different base years. Thus given

two base years b, and b, and data series for the years

1 2
0,1,2,....t as follows:

(1) Base year, b1 :ZPleO, ZPle ceeeey, 2P Q

r bl "b2

veeesy, 2P Q

(2) Base year, b2 :SP b2 %t

b2%2’
then it is possible to prepare an estimated series with a common

base year by calculating the implicit deflator for the year b2, i.e.

0, =2y = Vbe
2Pp1%:2 Vpr (&

This deflator is then applied to data series (1) to bring it to the

D
prices of year 2. Alternatively the inverse of Igl’ Ib2’ could be

used to form a series in the prices of bl.

Thus for a given year, j, (0<j<b2), given at bl prices, the conversion

to b2 prices would be as follows:
2P, Q =ID PL1Q (5)
b2 ~j b2""bl=j

It will immediately be apparent that this is not mathematically

correct.



The full specification of (5), using (4) is:

_£P 0 5
b2 b2 . EPy,0, (5a)

ZPp10b2
which would be correct only in the case of one good, or if all

2 Pp20;

prices were identical and showed the same relative change. In the
latter case (5a) would become
= P20
PrpZQ; = b2 b2 pblzoj

P12 %2
which would give the desired result.

The only means of accurately re-basing these figures would be to
disaggregate the accounts completely; clearly not feasible. 1In

most circumstances the procedure described here gives acceptable re-
sults. But as the following example shows, this is not always the
case.

Rebasing Zambian GDP by kind of economic activity

Zambian national accounts are available for 1965-73 at 1965 prices, .
and for 1970 onwards at 1970 prices. Thus an example of the sit-
uation described above exists. It was desired to obtain a
consistent series at 1970 prices; thus for the years 1965-69 the
procedure of (5) would be applied, ie. for each year

j(j = 1965,..,1969)

Pk Qk

70 70
Pk k o Pk Qk . Ik where I &5 = ——————m——-
70 j 65 j 70 70 Pk ok
65 70

for each sector k

- 10 -~



d £
and for total GDP 5P G, = 2P7OQ7O 'ZPGSQj
00 $P.Q
65770

If the procedure were to produce accurate results, then it should
be the case that

_spK ok
ZPm oj—ZPmoj (8)

As Table III.l.l shows this is not the case. If (8) were
true then the column totals of individually deflated sectoral value
added, should sum to the GDP deflated directly. A small error would

be acceptable but the variations are as high as 8.2%.

However a closer examination of the figures reveals that a major

part of this variation comes from the mining sector. Table III.1.2
shows that when the mining sector is excluded the variation between
the two methods is small and relatively constant. This suggested
that there is some problem in the deflation of the mining sector,

an observation supported by the work of McPherson (1978, Appendix
IVB) in which alternative deflators for the mining sector are derived

for selected years.

The extent of the variation caused by an incorrect deflation pro-
cedure is indicated by Table III.1.3 showing as indices production
volume and value added at 1970 prices. The two indices have moved
nuch more closely together in the 1970's, but there is no apparent
reason why this particular pattern should have occurred. Rising real

costs would cause a reduction in the ratio of value added to gross
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Table I1I.1.3 Indices of production and value added in the mineral

sector at constant prices, 1965-79 (1970=100)

Value added

(1970 prices) Production (a) Ratio

(1) (2) (2) + (1)
1965 142.8 100.2 70.2
1966 113.5 85.5 75.6
1967 113.7 90.2 79.3
1968 103.2 97.3 94.3
1969 113.3 109.4 96.6
1970 100.0 100.0 100.0
1971 90.3 92.7 102.7
1972 103.9 102.1 98.3
1973 97.7 99.7 102.0
1974 103.0 102.7 99.7
1975 93.0 93.7 100.7
1976 109.3 104.3 95.4
1977 103.0 96.4 94.5
1978 109.7 95.9 82.4
1979 88.0 85.4 97.0

(a) Based on tonnage of copper produced. Lead and zinc have a
relatively low level of value added while cobalt production
has been negligible in volume terms.

Sources: Calculated from Appendix S. Tables S.l1.2, S.4.5

- 14 -



output, but such rises has been steady in its progress and were more
evident in the 1970's than the 1960's.

It is not proposed to develop alternative deflators to the
Zambian Central Statistical Office's since the problem is not central
to the thesis. However, it is noted that the unreliability of the
mineral sector deflator gives rise to difficulties in areas such as
the estimation of average growth rates, where the two estimates of
1965 GDP at 1970 prices yileld average annual growth rates of 1.2 per
cent and 0.7 per cent (geometric means). While this analysis relates
to GDP by kind of economic activity, the effects will be transmitted
also to GDP by type of expenditure.

In this thesis the practice is adopted of calculating growth
rates from the directly deflated series when appropriate (ie as oppos-
ed to aggregates of deflated sectoral values). The mining sector
requires some special comnsiderationm. For instance, in calculating
the level of output for the mining industry with respect to Table
3.17 (output per worker) the value added in 1965 at 1970 prices
obtained by simple rebasing was reduced by the difference between
the total variation and the variation attributable to the non-mining

sector.

- 15 -



APPENDIX III.2 GDP ADJUSTED FOR TERMS OF TRADE EFFECTS

The procedure used to obtain a continuous constant price series of
GDP in constant prices adjusted for the terms of trade given for
1971 onwards is outlined in the following paragraphs, with reference
to Table III.2.1. It follows the methodology used in the National

Accounts, 1973. See also section 3.2 of the main text.

The problem was to rebase to 1970 prices figures given in 1965 prices
for 1965-69. The basic procedure outlined in Appendix III.l is
followed. Unadjusted GDP data in 1970 prices (see Table III.2.1)
were used (Column 1). Exports and imports available in 1965 prices
and in current prices were similarly febased to 1970 price levels
(columns 2 to 7). Implicit deflators for exports and imports were
then calculated (column 8 and 9) and applied to exports expressed

in current prices (colums 2, 10 and 11). The deflator for exports’
is the implicit deflator for the mining industry. The difference
between columns (10) and (11), i.e. exports deflated in the two ways

(column 12), is added to unadjusted GDP (column 1) to give the

adjusted level of GDP (colummn 13).

The complete series, together with the level and growth rate per

capita appears in Table III.2.2.

- 16 -
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Table IIX.2.2 Derivation of per capita GDP adjusted for terms of trade

GDP at 1970 prices
(millions of kwacha)

Per capita GDP

Percentage

Population (a) (adjusted) change from

Unadjusted Adjusted (millions) (kwacha) previous vear
1965 1,186.9 990.1 3.67 269.8 -
1966 1,120.7 1,102.7 3.76 293.3 8.7
1967 1,209.6 1,109.0 3.85 288.0 -1.8
1968 1,224,7 1,212.6 3.96 306.2 6.3
1969 1,219.4 1,447.8 4.06 356.6 16.5
1970 1,277.7 1,277.7 4.17 306.4 -14.1
1971 1,269.9 1,100.7 4.29 256.6 -16.2
1972 1,386.5 1,183.0 4,42 267.6 4.3
1973 1,361.0 1,312.6 45.68 280.5 4.8
1974 1,673.9 1,369.2 4.83 283.5 1.1
1975 1,438.1 1,050.9 4.98 211.0 -25.6
1976 1,558.2 1,111.8 5.14 216.3 2.5
1977 1,488.8 992.5 5.30 187.3 -13.4
1978  1,496.4 989.5 5.47 180.9 3.4
1979 1,361.5 908.0 5.65 160.7 -11.2
Gross domestic product: 1965~70: Table III.2.1

Sources:

1971-73, Republic of Zambia, National Accounts and Input-

output tables, 1973, Lusaka: Central Statistical Office; 1974-79,

Republic of Zambia, Monthly Digest of Statistics, Lusaka: Central

Statistical Office, April/September 1980.

(a)Population:
Statistical Office, Monthly Digest of Statistics, July/September 1979
Lusaka, with constant growth rates assumed for intermediate years.

based on mid-year estimates of population in Central
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APPENDIX TIII.3 THE CALCULATION OF AVERAGE GROWTH RATES

The unstable performance of the Zambian economy causes problems in
the calculation of 'average' rates of growth which give a fair
representation of the economy over the entire period. The most
common method of calculating average rates of growth is the geo-

metric mean growth rate, r

This rate, however, relies on the initial and final observations,
Xl and erespectively, so that it is possible for large variations
to occur in intervening years without being reflected in the final
measure of growth. This is illustrated in Figure I11.3.1. The
original time series is represented by the curve TTC and follows a
time path frequently encountered in economic variables -~ a rising
trend with periodic cyclical variations. If a geometric average
growth rate were calculated for the period between i and (t + i),
it is evident that a very much higher rate will be obtained than
if the period between j and (t + j) were to be considered, simply
because of their positions reiative to the phases of the business
cycle during which they are taken. The resulting average rates are
represented by the slope of the 1lines II/ and JJ/ respectively.

The difference between the two rates is due solely to the posi-
tions of the initial and final points in the business cycle, line
II/ running from the trough of one cycle to the peak of a sub-

/ .
sequent one, while JJ joins intermediate points in the cycles.

- 19 -



Figure III.3.1.. Unstable time series and geometric mean zrowth rate
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Figure III1.3.2 Gross domestic product in comstant (1970) prices: Zambia, 1965-79
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Source: Appendix S, Table S.1.2.



It is desirable therefore to devise some measure of average growth
which takes account of the possibility of variations due to economic
cycles or other abnormal factors. This is particularly true of the
Zambian economy where the post-1975 recession has caused many major
economic variables not only to cease growing but to fall in real
terms, in some cases quite sharply. This is illustrated by Figure
III.3.2 which represents Gross Domestic Product in 1970 prices for the
period under study. It should be apparent from this that a much higher
growth rate would be yielded by a simple geometric mean for the period
1966-76 than for the period 1969-79. Neither would provide an accept-
able summary measure for the growth performance over the entire period.

A fairly common method is to estimate a trend line, by least
squares regression, and then to calculate a growth rate from this
(usually exponential) trend line. In an attempt to improve upon this,
Bell, Silver and Stray (1981) have suggested the following procedure:

1. Determine the mathematical function which best fits the

data series using least squares regression.

2. Obtain estimates 6f the initial and final points from the

line of best fit.

3. Use the observations so estimated to calculate a geometric

average growth rate.

This procedure has been applied to various Zambian data series
using the four mathematical curves applied in the study mentioned
above. These were:

a) Linear X_ = a+bht

t

, bt
b) Exponential X; = ae
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b

c) Power function Xy = at
d) Logarithmic parabola Xt = ae(bt + th)
The results are summarized in Table III.3.1.

It will be noted that in six of the seven cases the logarithmic
parabola is the curve of best fit. This curve and the exponential
yield virtually identical results, as did the empirical testing
conducted in the Bell/Silver/Stray study on the growth of industrial
output in eleven OECD countries. It is also evident that the use of
these alternatives yield veryvsubstantial differences from the geome-
tric mean growth rate calculated directly from the original data.

For these reasons it was decided to use the “exponential least
squares” growth rate: firstly, because unlike the crude geometric
mean it takes account of all observations; secondly, because the
"best fit" method involves considerably more computation, and it
appears unlikely that substantial variation would occur in the ma-
jority of cases; and thirdly because of the greater ease of
interpretation involved with using a standard method. However, in
cases where it appears necessary, or where growth rates are central
to the discussion, the "best fit" methodology has been used.

The exponential least squares method involves fitting the data

to the curve type:

X, = aebt
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Then the average rate of

growth between X1

1/(t-1)

- 23 -

and Xt is seen to be




Table III.3.1 Growth rates estimated from alternative trend curves (a)

Growth rate: Geometric Exponen-
mean (b) tial (c¢) Best fit Best fit curve type

1. GDP-Total - 0.98 2.03 2.03 Logarithmic parabola

Categories of expenditure

2. Government final
consumption 4.72 5.53 5.53

3. Private final
consumption 0.014 -0.81 -0.381 " .

4, Gross fixed capital
formation -2.93 -1.90 -1.9

Kind of economic activity

5. Manufacturing 5.12 4.39 4.39 " -
6. Mining -3.46 -1.62 -2.23 Power function
7. Non-mining GDP 3.16 3.58 3.58 Logarithmic parabola

"(a) Based on GDP data at 1970 prices.

1/(t=~1)
Xe
(b) r= -1
1
b bt
(c) t=e” -1 where b is estimated from the relationship X, = ae ~ using

least squares regression.

Source: Calculated from Appendix S, Table S.1.2 and S.1l.4.
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APPENDIX V.1 TECHNICAL FEATURES OF COPPER MINING AND PRODUCTION

The contents of this Appendix are largely based upon the

extensive survey of the international copper industry by Whitney

(1979).

Natural occurence: Copper occurs in three types of natural minerals:

sulfides, carbonates and silicates, the former being the most sign-
ificant in terms of known and viable deposits. The copper content
of these ores typically ranges from 0.5 to 6.0 per cent, a consider-
ably lower metal content than, say, iron (22 to 55 per cent) or
aluminium (22 to 28 per cent). The ore is found in three main cate-
gories of deposits:

(i) Porphyry deposits: Found in rocks of igneous origin,
and usually consisting of sulfide ores, these are
located in North, Central and South America, the
Philippines, Indonesia and Papua New Guinea. Ore
grades in this category are generally -fairly low,
rarely exceeding 2.0 per cent.

(ii) Strata-bound deposits: Found in marine sedimentary
rocks, containing all three of the main ore types.
Ore grades are typically much higher than porphyry
deposits, ranging from 2.0 to 6.0 percent. This
type of deposit is found almost exclusively in the
Central African "copperbelt™ 1i.e. Zambia and Zaire.
(Zambian deposits are predominantly sulfides with
a copper content of between 2.0 and 4.0 per cent. The
zairois deposits are carbonates and silicates with a

rather higher mineral content, ranging up to 6.0 per

cent.)



(iii) "Massive" Sulphide deposits: this class covers a
number of different geological types of ore deposit,
but all containing sulfide ores. Found mainly in
Canada, Australia, South Africa and Namibia, the
metal content varies between 1.0 and 5.0 per cent.
Copper frequently occurs in deposits of more than
one economically valuable mineral; for instance
large concentrations of nickel are found in the
copper deposits of Canada and cobalt is found in

Zaire and Zambia; the main supplies of this metal.

Reserves: Whitney defines reserves as “those portions of known
copper mineral deposits that can be technologically and economically
extracted at the time of determination”. Thus estimates of reserves
will vary with economic and technical conditions, and the variability
of estimates is increased by the lack of any standardized methods

or criteria for measurement, so that any attempt to estimate global
reserves must depend on individual companies' estimates, with the
inevitable lack of consistency which must occur. Table V.1l.1 pre-
sents estimates of reserves made of Schroeder and used by Mikesell
(1979). Thié would suggest that at the 1979 rate of consumption
proven reserves have a 1ife of about 46 years or about 220 years

i{f "undiscovered” reserves are taken into account.
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Table V.1.1 Global Reserves of copper

(Million tonnes of copper content)

Reserves (a) Other (b) Total

North America 146 427 574

South America 137 218 355

Europe 6 36 43

Asia 27 64 91

Oceania 18 55 73

Africa 63 109 173

(Zambia) (29) (64) (93) ;
Centrally Planned Economies 60 173 233 ﬁ
Ocean Floor (c) - 692 692 ;
Totals 457 1774 2,234

Notes (a) Proven resources
(b) Includes "undiscovered” deposits (hypothetical)

(c) Sea nodules; as yet not commercially exploited.

Source: H. J. Schroeder, Copper, Bureau of Mines (Washington, D.C.,

US Department of the Interior, June 1977) presented in

Mikesell (1979, pl2)
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In the case of Zambia the corresponding figures are 41 years and

130 years, assuming an annual rate of extraction of 700,000 tonnes.

This would suggest that the economic life of copper production in

Zambia is rather shorter than the global figure, and that therefore

Zambia cannot realistically expect to benefit from real price

increases as

reserves are depleted.

Copper Extraction: Three main stages may be identified in the pro-

cess of extraction and the preparation of the refined metal:

(1)

(2)

Mining: Two main types of mining may be distinguished:

open—-cast and underground, and the type adopted will
depend on cost and local geological conditions, the depth
of ore, concentration and so on. Both types are

employed in Zambia, often in close proximity, as for
instance in the Chingola Division of Nchanga Consolidated
Copper Mines, which has one of the largest open

pit mines in the world together with significant under-
ground mines. However since the main ore body runs at
an oblique angle to the surface a point in time will be
reached when it is no longer economically viable to
extract by open cast methodg and a decision must then

be made whether to continue exploiting the ore body by

underground mining.

Concentration and smelting: Several different processes

exist for concentrating ore after it has been mined, and
the choice largely depends on the type of ore involved.

Sulfide ores can be concentrated by a process of flot-
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ation, which separates from finely crushed ore particles
of copper bearing minerals which are then skimmed off.
This process produces concentrates bearing 25 to 30
percent copper by weight. Oxide ores (i.e. the silicates
and carbonates) are more appropriately treated by a
leaching process, in which copper is separated from the
copper-bearing mineral by chemical reaction with a dilute
acid solution. Several variations of this method are
employed. Since it is a relatively new technology in
certain of its forms, it has become possible to treat
dumps of waste containing considerable amounts (often
over 1.0 per cent) of copper in oxide form which could
not previously be treated. This is a process in which
the Zambian mining companies are considering investment
because of the relatively low unit cost of production.
The final stage of the leaching process is to extract
purer copper by precipitating it on scrap irom or by an
electolytic process. Some variants of this process
produce copper sufficiently pure tb eliminate the need
for further refining before use in certain end-products
(e.g. in copper wire).

The main alternative process of concentration is
smelting, used mainly in the extraction of copper from
sulphides. The processes usually roast the ore to reduce

the sulphur content, then smelt the product to produce a
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(3)

copper matte from which copper blister is prepared.

These processes produce blister which contains 95 percent

OT more copper.
Certain processes result in the production of substantial
quantities of sulphuric acid as a by~product of smelting,
for which markets are sometimes available; if not then the

disposal of the acid can become an envirommental problem.

Refining: There are two main types of refining process

used to obtain copper that meets the required standards of

purity: wusually at least 99.9 per cent pure. Fire refining

is no longer extensively used; it uses reverbatory furnaces

where the metal is refined in its molten state. The more

common technique is electrolytic refining in which unre-

fined copper in the form of anodes is treated by an
electro-chemical process to yield pure copper in the form
of copper cathodes (copper is 'dissolved' from the anode

and deposited on the cathode).

Scrap recovery: This forms an important alternative source from mine

production. Waite (1975) notes that copper 1is almost indestructible

and estimates suggest that 99 per cent of copper extracted is

still available in circulation or could be recycled. There is no

doubt that a substantial volume of annual output comes from scrap;

indeed Appendix S Table S.3.1 shows that in 1979 about 33 per cent of

total world demand was met by scrap recovery (excluding the centrally

pl

anned economies for which information is not available).

It is useful to distinguish "0ld" from "new" scrap, the former

being that which is being.recycled after being fabricated and disposed



of, while the latter is created during the process of fabrication, and
is thus easily returned to the refineries. Large amounts of scrap
typically are generated by foundries, and wire and brass mills in the
process of manufacturing semi-fabricates. New scrap is easy and cheap
to refine, while the variety of forms of old scrap render it rather
more difficult to reclaim. The attractiveness of scrap recovery
therefore depends, at least in part, on the world market price - high
prices will encourage greater scrap recovery because of its cost-
competitiveness. But limits exist to the amount or old scrap which

be recovered with existing technology, and prices in the late 1970's
and early 1980's were too low to encourage new investment either in

new mines or scrap recovery smelters.

Copper products: Until recently refined copper entered the market in

two main forms: cathodes and wirebars. Both of these could easily
be transported and so producers distant from the main markets for
copper could ship refined products to world markets competitively.
However in recent years technoloéicai changes have lead to the
development of processes producing continuous cast rod (CCR). This
consists of rod measuring about 5/16 of an inch, and is produced in
coils weighing between 2 and 6 tonnes, with up to 15 miles in one
strand. This rod can then be drawn out into wire of desired diameter.
CCk is not easily transported and so it must be produced close to the
point of consumption, thus placing remote producers, such as Zambia,

Zaire, etc. at a considerable disadvantage. A Zambian company
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recently entered a joint project with a French refiner to produce CCR

in France, thus removing from Zambia the chance of creating domestic

value added on the final stage of production.

Fabrication and Consumption: Refined copper is mainly used by the

"semi-fabricators”, that is industries producing intermediate copper
goods. Principal among these are wire mills, brass mills and
foundries. The final demand for copper comes from a wide range of
economic activity, including: electrical and electronic products,
engineering, consumer durable goods, motor vehicle manufacture,
military equipment and coinage.

Copper has been so widely used because of its high electrical and
thermai conductivity, but its bulk relative to certain other
substitutable products has become one of its major disadvantages.
Aluminium has been the largest single competitor because of its
superior all-round attractiveness for long~distance high voltage power
transmission lines. Aluminium had become somewhat cheaper in product-
tion before the oil price revolution in 1973. Further real increases
in energy costs may render copper more attractive in marginal cases,
because of the energy-intensity of aluminium production. A more recent
threat has come in the telecommunications industry with the development
of fibre optics, which if fully developed would replace a large part of
the demand for copper from that industry. However, new applications
are occasionally forthcoming: for instance, panels used in the
production of solar energy use large amounts of copper, although this

is unlikely to constitute a major source of demand in the near future.



Demand for copper has also been reduced by advances leading to the
more efficient use of copper, such as the ability to produce tubes with
thinner walls.

Substitution and increased efficiency in utilization mean that
although demand for copper may be expected to grow in line with world
production, the rate of increase of the former will tend to be somewhat
slower.

A final reason for a reduction in demand for primary copper is
that techniques for recovering scrap copper are steadily being

improved, so that at least part of any increase in demand can be met

from this source.
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APPENDIX V.2 GLOSSARY OF TERMS RELATING TO FUTURES TRADING

Arbitrage The purchase (usually simultaneous) of futures contracts

in one commodity market and the sale of a contract of the same
amount in another market(often in another country) in order to

profit from a differential in price between the markets.

Backwardation Differential in price between spot or near dated

contracts and longer dated contracts in which the price of the former

exceed the latter.

Clearing house An organisation associated with a futures market

which arranges the settlement or closing out of all futures contracts
made during a certain period. A leading example in the UK is the
International Commodities Clearing House (ICCH), which handles con-
tracts on many of the "soft"” commodity markets. In most cases the

clearing house acts as principal in settling contracts between traders

on the futures market.

Comex The New York Commodity Exchanges in general, but the term
is frequently used to describe the “free market” price in New York

for copper.

Contango (forwardation) The more normal situation in which forward

prices exceed spot or near dated contract prices. The reverse of

backwardation.
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Forward contract A contract between two traders for delivery of a

specified amount of a given quality of a commodity on an agreed date.
The contracting parties must conclude the contract themselves,

that is there is no possibility of closing out as in the case

of futures trading.

Futures contract Similar to a forward contract except that a

trader who initiates a contract need have no intention of ulti-
mately taking delivery or supplying the commodity, that is it is

possible to close out by buying or selling an equal amount to that

originally contracted.

Hedging Establishing a position in the futures market oppostie
to that held in the physical market. That is, the risk of price

variations on a physical position is eliminated.

London Metal Exchange (LME) The commodity market on which trading

is conducted for copper, lead, zinc, tin, nickel, aiuminium and

silver. Differs from most established exchanges in that a large
volume of the trading which takes place is in physical contracts,
and futures trading is limited to three months forward. Thus it

effectively combines the functions of spot, forward and futures

trading.

Options An option allows the holder the right to buy from or sell

to the grantor a specified quantity of a commodity at an agreed price
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known as the basis price. A call option permits the holder to buy

from the grantor, while a put option gives the right to sell to the
grantor. A double option gives the holder either to buy or to sell
during its validity. A premium is paid to the grantor in each case
regardless of whether the option is exercised. In the case of the

double option the premium is twice that on the put or call option.

Physical trading The actual trading in commodities, the large ma-

jority of which is undertaken outside commodity exchanges, but which
can also be conducted on the exchanges often as part of a speculative

strategy.

Spot prices Prices prevailing in respect of commodities on the phy-

sical markets, i.e. for immediate settlement.

Straddle The simultaneous purchase of a futures contract for a
particular forward month, and the sale of an equivalent amount in a
different month and a different commodity or exchange. A generic

term which includes the more limited operation of arbitraging.

For more details and other market expressions refer to Granger (1979)

and Wolff (1980).
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Appendix IX.l The Measurement of Indebtedness

The following variables are used:

DS - debt service in a year which is equal to amortization
(A) plus interest and other service charges (I).

DOD - debt outstanding and disbursed - i.e., the balance
at year end.

DSR - debt service ratio, equal to debt service (DS) divided
by exports (X) of goods and service.

DB - disbursements during a given year.

NT - Net transfer, equal to disbursements less total debt
service (DB - DS).

NF - net flow, equal to disbursements less amortization

A - amortization (payments of principal) during the year.
I - payments of interest and other service charges.
GNP (GDP) - Gross national (domestic) product.

X - Exports of goods and services (generally taken here to
be all current account receipts).

M - imports of goods and services (taken to be all current
account payments).

R - gross international reserves.
ND - net external debt (see 3(1ii) below).
All the above except DOD and R are flow variables representing inward,
outward or net transfers.
Dhonte (1975, and 1979 pp. 31-33) presents a useful two-way
classification among various ratios based on a principal components

analysis of these variables in 69 developing countries which did not
experience severe debt servicing problems during the period 1969-75.

He distinguishes:
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a) indicators of éxposure to debt subdivided among past and
current exposure, and

b) roll-over conditions.

There is also a presentation in IMF (1981 pP. 47-50) of some other
measures which provides fuller discussion of each than is undertaken

here. The following classification is based largely on these two.

1. 1Indicators of exposure:

a) Past reliance: (i) DOD/X - relates the balance of debt
outstanding to the country's foreign
currency earnings.

(ii) DOD/GDP ~-relating the debt
outstanding to the country's total
production. Since there is wide
variation in the degree of openness among
developing countries, the use of DOD/X may
suggest a degree of exposure in a
relatively closed economy which would be
unacceptable in a more open economy.

Thus it is necessary to look not only at
the foreign currency implications of debt
but also at the total productive capacity
of the economy. It should also be noted
that a high external debt ratio (whether
DOD/X or DOD/GDP) does not necessarily
imply a high debt service ratio: the
latter will also be determined by the
average terms of borrowing.

(11i) Debt service ratio: DSR=DS/X. The
most commonly used of the indicators of
indebtedness, it measures the total
outflow on account of past borrowing
relative to current export earnings. In
many LDCs the DSR is sensitive to export
earning instability - a rising DRS can
result from a decline in the price of a
commodity. Associated measures would be
A/X and I/X. It is suggested that the
distinction between interest and
amortization is of little interest to
countries whose creditors are official
agencies which lend for specific projects.
Principal cannot easily be rolled over.
Countries whose main creditors are banks
making non-specific loans are far more
likely to be able to "roll over.” The
distinction between A and I then become:
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b) Current reliance: (iv) DB/M - measures the proportion of

a country's imports financed by total
inward transfers from external loans.
However, because the total outflow for
debt service can vary between countries,
a somwhat better comparative figure may
be given by one of the following two
indicators.

(v) NF/M - since this excludes interest
payments it excludes an important cost of
foreign borrowing and is therefore less
satisfactory than the following.

(vi) NT/M - the net transfer measures
the additional resources available to a
country on account of foreign loans and
the ratio NT/M shows the reliance on such
inflows for financing imports.

(vii) NT/GDP - This indicates the contri-
bution of net foreign savings to GDP; it
is directly comparable with savings and
investment ratios (but only if the debt
data is really comprehensive)

2. Roll-over conditions

(viii) DS/DB - the proportion of annual
disbursements which are paid out in debt
servicing. A high ratio might indicate
that a country was in difficulty over its
debt management polices, i.e. that it was
unable to raise additional loans. It might
also reflect a sudden rise in interest
rates, for instance where a high propor-
tion of a country's debt carries variable
rates. Finally it would also occur in a
country late in the "debt cycle"” which was
decumulating its debt outstanding.

Thus international comparisons must be
treated with some caution. An associated
measure (which would eliminate the in-
terest rate problem) would be A/DB, using
amortization only.

(ix) DS/DOD - The former measure is a
marginal concept: the amount of new
loans taken up by debt service. DS/DOD
is an average concept and a rise in this
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ratio might indicate a country having
problems in debt sevicing: e.g. those
associated with "bunching” or a signi-
ficant deterioration in the terms of
borrowing (rising interest rates or
shortening maturities.)

3. Other indicators

(1) Growth rates of X and GDP - Dhonte
finds these to be closely correlated in
the non-problem countries; that is, a
successful country not only has an accept-
able level of exposure and good “"roll-over
conditions but also maintains a balance
between the growth of total output and
exports. If exports grew more slowly,
then growth financed by foreign savings
would, as debt accumulated, lead to
problems of servicing.

(i1) ND/X and ND/GDP - ND is defined as
ND = DOD - R f_E_M
12

where p is the number
of months imports which represent a minimum
working balance for international reserve.
This indicator, net external debt, used by
the IMF (1981, p.50), allows a formal
assessmnet to be made of the trade-off
between increased in-debtedness and the
decumulation of reserves which in reality
confronts many countries.

Grant element (grant equivalant) The definition used by the

World Bank (World Debt Tables and. Annual Reports) is used here.

The grant equivalent is "The face value of the commitment minus
the discounted present value of the
future flow of repayments of principal
and payments of interest. The grant
element is the grant equivalent ex-
pressed as a percentage of the face
value of the commitment. The discount
rate used is 10%, the conventional rate
used by the Development Assistance
Committee of the OECD in assessing terms”
(World Bank World Debt Tables 1980 Vol I,

pP. XXX)
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Appendix IX.2 Mathematical Notes on Debt Accumulation (1)

The domestic resource gap

From Chapter 9, section 9.2, the following equations are taken.

(9.1a) X - Yoegt (1)
(9.3) St = SYOegt (2)
(9.4) I = ngoegt (3)
(9.8) AD = I,-8+10D, . (4)

Adopting continuous time fomulation, and substituting (2) and (3),
(4) becomes

gt

dD = (kg - s ) Yoe + iD

dt
(assuming that Dt= Dt-l)

Equation (5) is a linear differential equation of the first order
of the form

dD + PD = Q (6) where P = =i and Q = (kg- s )Yoegt

dt

The particular solution to this is given by the general form (e.g.
see Yamane (1968, p 308))

-fpdt (£ Pfdt -fp at
D =e e Qdt + ce (7)

(o)

integrating in each case over the period o to t. Apply the form
(7) to equation (5)

. t 4 1
e”j (e i . (kg - 8) Y, egt>dt + ce1t
o
t t
since P dt = -i dt = -it >
[sine [ 20 -,

it{t (g-i)t it
(kg - s) Yoenj 9(91) dt + ce

(o)
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kg-s Y,ell [egj-i)t]t + et
g-i 0

t kg:: YO eit{;(g“i)t];l +oelt (8)

o
]

By substitution, it may be seen that

D0=c

It is assumed that Do = 0, that is in the initial year there is
no accumulated debt and hence from (8) we have the result in (9.10)
in chapter 9.
Dt = lcg_—s__Yo ( edt —eit)
g1 (9)

The foreign resource gap

Consider equations (9.4 ), (9.7) and (9.12) in chapter 9, that is

= - +
ADt Mt Xt i Dt-l (10)
X, = x e (11)
t 0
b
= 12
Mt a Xt (12)
As before adopting continuous time notation and substituting
b xt -
4D - ax -Xe +1D
dt 0
b bxt xt
=aX e -Xe" " +1D (13)
0] 0

This is a linear differential equation of the first order of the
form

dD + PD = Q 7 where P b bxt xt \

=i
ac Q=aX0e —Xoe
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the solution of which is given by equation (7), and the particular

solution to (13) is given by

o _it | b bxt t i
Dt = e.It J’e it aXb e Xt_ Xbex dt + ce1t

t t
since P dt = -1 dt = ~it
o] (o]

b
. aX . o .
.0 = (ebxt_ 1t) . X0 (ext_e1t) + celt(14)
t bx-1 X1
When t = o, q) = ¢

Assume that debt outstanding in initial year is zero, i.e. ¢ = 0.

Thus, from (14) the equation (9.14) in chapter 9 is

>

b ) .
- AaXO (ebxt _ 1t) (ext _ elt)

D o - "o
bR x-1

Note

(1) Notation used is the same as chapter 9, section 9.2
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APPENDIX IX.3 STATISTICAL SOURCES FOR EXTERNAL INDEBTEDNESS

Comprehensive data on international indebtedness and re-

lated financial flows is far from satisfactory. Large numbers of

developing countries do not collect data on foreign borrowing by
all national institutions. Among these is Zambia. As long as a
country is not heavily indebted it will not perceive this as an
area warranting a significant concentration of scarce skilled
manpower resources, and in Zambia's case it 1s probably not an
exaggeration to say that its indebtedness became problematic so
quickly that its available personnel were used to resolve the
difficulties rather than tabulating the causes.

The only Zambian source in which some data is presented

systematically is the Government of Zambia, Financial Report

(annual). However this provides satisfactory coverage on both
stocks (or balances) and flows for the central government only
(local authorities are not empowe red to borrow abroad). Some
information is available for debt guaranteed by the government,
but this is presented only in the form of contingent liabilities

compatible with a balance sheet concept. That is, the data given

show a single figure measuring the government's total liability

at the end of each year with respect to both the principal outstand-

ing and the total interest payable from the current date to final

maturity. Since {nterest rates are not always stated in the
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available details there is no way of even estimating information

on this publicly guaranteed debt.

There are no other published national sources of Zambian

indebtedness since the Central Statistical Office's data on the

balance of payments (published in the Monthly Digest of Statistics)

is highly aggregated, particularly on capital account and, is
typically several years out of date.

However, there exists on the files of the Bank of Zambia
most of the information necessary to commence a fairly comprehensive
survey of the country's debt. This data was collected for the pur-
poses of exchange control and would be available for most large
companies (which would be the major external borrowers) from at
least the mid-1970's when increasingly tight exchange controls
were imposed and would cover both guaranteed and non-guaranteed
debt. The only obstacle to preparing a compilation is the admini-
strative one of extracting information from company files (for past
information) and of ensuring that future returns from companies are
gathered in a fashion compatible with the needs of the Bank's
Research Department. The volume of information is fairly small, and
should be within the capacity of the current generation of micro-
computers, even 1f no other facilities are available. The government
and Bank of Zambia are urged to complete this exercise which was
proposed at least as far back as 1976.

Since national data sources are so inadequate resort has

been made to the various international sources. The problem then
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is that most such collections tend to be biased towards the per-

spective of the creditors—disaggregation by debtor country is rare

(except among World Bank publications) and further levels of dis-
aggregation (e.g. by type of borrowing institution or sector)
within individual countries are not available systematically.
Several international data sources are available:
1. The Development Assistance Committee (DAC) of the
Organisation for Economic Co-operation and Develop-

ment (OECD) publishes data in its Annual Reports and

in "Development Co-operation: Efforts and policies

of members of the Development Assistance Committee”,

a periodic review. The data is not made available on o
"an individual country basis. o
2. The Bank for International Settlements (BIS) publishes

some information in its Annual Reports, but this

only shows flows from donor countries which are also

members of the BIS.

3. International capital markets provide some statistics on
new and publicized medium and long term international
loans and bond issues. A good example is Morgan Gua-

ranty's World Financial Markets which also demonstrates

the shortcomings of this source: systematic historic
analysis is difficult; unpublicized debt is excluded;

much official non-market lending is not included;

"“6"




dlsbursement, amortization and interest flows are not

documented. The publication is good (and prompt) for
assessing the current state of the international capi-
tal markets,

4. The World Bank's debtor reporting system (DRS) provides
good historic coverage of debt from the perspectives of
both creditor and debtor nations. In the past it was

released annually as a mimeographed collection in the

World Bank's World Debt Tables; from 1982 it is pub-

lished on a more formal basis.

Since the World Bank's World Debt Tables provide data on

an individual country basis, the data form an acceptable substitute
for national sources, where, as in Zambia, there are not avail-

able, and the data used in this volume is almost exclusively drawn

from this source. Although the Debtor Reporting System provides
good cover a number of qualifications and shortcomings in the sys-

tem must be noted in interpreting the data:

a) the DRS, because it relies on debtors (usually govern-
ments) for its information, shows only public and
publicly guaranteed debt. It does not show private non-
guaranteed debt for individual countries although some
estimates of aggregates for groups of LDCs were shown in

the 1980 edition of the World Debt Tables;
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b)

c)

d)

e)

£)

it excludes short term debt, i.e, that with an origi-

nal maturity of legs than twelve months;

it excludes IMF facilities other than Trust Fund loans,
which in sope cases (especially Zambia) can constitute
4 very substantial Proportion of total external borrow-
ing and debt service;

the individual country data is not disaggregated by
type of borrower (e.g. by sector or by type of in-
stitutional - parastatal, private or government). It
is believed that unpublished DRS data would permit
such analysis: the author was not able to gain offi-
cial access to such information;

the construction of long time series from overlapping
shorter series proved almost impossible. This is be-
cause of unrecorded adjustments and cancellations and
changes in classification to amounts outstanding and
unspecified improvements in reporting and coverage.
The practice adopted was simply to use the most re-
cent information available - but this means that
absolute amounts and growth rates may not be strictly
accurate;

finally the DRS takes no account of the arrears on ex-
ternal payments or of the interest paid to these

"involuntary creditors.”
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Some idea of the accuracy of the information available
from different sources ig provided by Table IX.3.1. Columms (1)
and (2) compare an aggregate which should be the same in both
cases, while column (3) shows the precentage variation between the
two. Although the deviation has been as high as 12 per cent, it is
seen that the level of indebtedness is of the same order of
magnitude, and that the year-to-year variations are roughly the
same in each case. This cannot be said for the series in columns
(4) and (5) of Table IX.3.1. "Other investment income"” (columm 4)
would include interest on short terms loan, arrears,IMF facilities
and non-guaranteed private debt not included in the DRS concept
of interest (colummn 5). The large variation particularly in the
1970's gives a good indication of the amount of external

indebtedness which is omitted by the DRS definitions.
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Table IX.3.1

Zambian externmal debt aggregates:

comparison of

statistical sources

Amounts outstanding

Service

Other investment

Percentage
Ministry of World deviation income Interest (a)
Finance Bank (DRS) ((2)-(1) x 100%) (IMF) (DRS)
(1) (2) () ) (4) (s)
1967 135 149 10.4 17 5
1968 167 163 =2.4 9 4
1969 203 200 -1.5 17 9
1970 473 417 -11.8 27 14
1971 434 421 -3.0 34 20
1972 458 454 -0.9 82 22
1973 400 420 5.0 81 53
1974 454 490 7.9 85 24
1975 704 * 708 0.6 60 25
1976 989 985 -0.4 96 39
1977 979 1067 9.0 103 43
1978 1084 1144 5.5 82 33
1979 1253 1246 -0.6 98 36
1980 cee 1320 cee 181 58

(a) Interest used because consistent time series of loan repayments not
available is balance of payments presentation.

Source:

Calculated from (1) Republic of Zambia Financial Reports (annual

issves) Lusaka: Ministry of Flnance; (2) Appendix S Table S.9.1;

(3) International Monetary Fund, Balance of Pavments Yearbook

(variou

8 1ssues)
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Appendix IX.4. GLOSSARY OF TERMS USED IN CONNECTION WITH INTERNATIONAL

MONETARY FUND.

I. General terms

Charges - levied at various rates on outstanding balances under
all facilities except-Reserve tranche. Equivalent to
interest rate on loans. See IMF Annual Report 1981
(Table I-II pg.129) for current charges.

Conditionality ~ the system of economic conditions (balance of
payments, fiscal, monetary, etc.) attached to members

use of resources. Degree of severity varies with
facility.

Facility - name applied to the different types and purposes of
IMF resources made available to members.

Purchases - refers to system under which member "purchases"
foreign currency from the Fund using its own
currency. Since no change in IMF assets/ liabilities
occurs the normal terminology of lending operations is
not used. For developing countries using non-conver-
tible currencies the transaction is analyticdally the
same as borrowing.

Quota — a member's contribution to the IMF's resources. Based on
an assessment of the country's share in international
trade, payments and reserves. Used as the basis for
calculating member's eligibility for and access to
individual facilities. They are reviewed periodically
The Eighth review was under way in 198l.

Remuneration — Payments by the Fund on countries' holdings of SDRs.

Repurchases - the repurchase of a member's own currency from the
Fund. The opposite of purchase (see above), it is
analytically equivalent to amortization.

Special Drawing Rights (SDR) -~ effectively the currency unit of the
IMF. Initially defined as one ounce of gold (pre-1971),
its calculation system has changed several times and is
based on a basket of currencies. From 1 January 1981
the basket of currencies was reduced from 16 to 5 (US
dollar, deutsche mark, French franc, Japanese yen and
pound sterling - initial weights 42,19,13,13,13), A
slight variation was introduced subsequently which
allocated specific numbers of units of each currency

to one SDR.
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Stand-by arrangement -

: where Fund resources are put at the
disposal of a member for draw down if necessary.

II. Facilities (figures given apply to 1981)

Except where stated all facilities financed by members'
subscriptions,

Reserve tranche - (formerly the gold tranche) 25 per cent of

the quota which members are required to contribute
1n reserve currencies. Available to any member re-
quiring balance of payments support; no conditionality.

Credit tranche ~The main source of access to Fund resources

usually under a stand-by arrangement for members
requiring general balance of payments support. Four
tranches available each of 25 per cent of quotaj;
conditionality increases as higher tranches used.
Charges = 6.25 per cent; Repurchase - 3 to 5 years.

Compensatory Financing Facility (CFF) - available to members to

stabilize export earnings where deviations occur away

from trend values. Up to 100 percent of quota. Limited
conditionality.

Charges - 6.25 per cent; Repurchase - within 5 years.

Buffer Stock Financing Facility (BSFF) - available to members

with balance of payments problems to finance
contributions to international commodity buffer stock
arrangements, up to 50 percent of quota (little used
because of rarity of suitable buffer stocks).

Charges - 6.25 per cent; Repurchase - within 5 years.

0il facility - introduced for 1974 and 1975 only, to assist mem-

Extended

bers overcome balance of payments caused by the 1973/4
0il price revolution. Financed by borrowing from sur-

plus countries. No longer available.
Charges - ranging between 6.9 and 7.9 per cent;
Repurchase - 1 to 7 years.

Fund Facility (EFF ) - available for countries with
serious balance of payments problems or poor growth
performance caused by structural imbalances. Amounts
available up to 140 per cent of quota for a total of
165 per cent combined with credit tranches).
Conditionality intense.

Charges - 6.25 per cent; Repurchase - 4 to 10 years.

Supplementary Financing Facility (SFF) - nicknamed the Witteveen

Facility after the former Managing Director of
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the Fund who introduced it. Available to countries
requiring more resources than available under credit
tranches or EFF under stand-by arrangements. Amounts
available up to 102.5 per cent of quota, through can be
exceeded under some circumstances. Financed by special
loans from 14 member countries; operational from 1979.
Charges - cost of borrowing plus spread of 0.2 to 0.325
per cent; Repurchase - 3 1/2 to 7 years.

Enlarged Access Policy - Temporary facility introduced to allow
members enlarged access pending agreement of the Eighth
Review (i.e. revision and increase) of quotas. Financed
by special loans. The main source of the 1981 programme
for Zambia,
Charges - cost of borrowing plus spread of 0.2 per cent
Repurchase - 3 1/2 to 7 years.

Trust Fund - Not a facility in the normal sense. Established

from the proceeds of sales of one-sixth of IMF gold
holdings in 1976. Conventional (but concessional) loans
are made from this to countries (mainly low income coun-—
tries). Conditionality as for first credit tranche.
Interest rate - 1/2 per cent.

Repayment - 6 to 10 years.

III. Other information:

Total outstanding balances under IMF facilities is currently
restricted to 600 per cent of a country's quota (excluding Trust Fund
BSFF and CFF and oil facility balances). Other restrictions apply to
drawing during given periods. Zambia's quota after the Seventh General
Review was SDR 211.5 million

Sources: IMF Annual Report 1981, pp. 83-88 and Table I.11 p.129.

IMF International Financial Statistics March 1982, pp.5-6.
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APPENDIX XI.1 A RUDIMENTARY MACRO-ECONOMIC MODEL FOR ZAMBIA

1. Introduction

In embarking on a modelling exercise for the Zambian
economy, three objectives were perceived: firstly, to examine
whether such an exercise was feasible in terms of economic theory
and available econometric techniques; secondly, to vary policy or
other exogenous variables within the model to examine the extent

to which Zambia's economic performance might have been different

in other circumstances; and thirdly, to prepare a framework within
which projections of short to medium term developments in the
economy might be forecast given certain assumptions about ex-
ogenous variables. The satisfactory realization of the second
and third objectives was clearly subject to the outcome of the
first.

There have been at least three recent attempts to model .
the Zambian economy (Blitzer (1978), Nziramasanga and Obidegwu
(1981), and McPhersoﬁ (1978)), and undoubtedly such organisations
as the World Bank and the International Monetary Fund will have
constructed their own models for internal policy purposes. How-
ever the formulations available had rather different policy
objectives to that envisaged here: Blitzer concentrated on the
role of the rural sector and is conceived as a long term model,

McPherson's emphiasis was employment, while Nziramasanga and
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Obidegwu focused on the copper industry with particularly detailed
examination of certain of the micro-economic relationships in

the mining industry. Moreover, none of these three used data for
years later than 1976, and thus the effects of the economic diffi-
culties in the late 1970s would not have been captured by normal
regression techniques, Indeed it is noted that the use of data
for the period 1975-80 undoubtedly caused severe problems in the
estimation of parameters in the structural equations, as might be
expected in an economy characterized by rapid growth in the early
yeérs of the sample period, followed by some years of slower pro-—
gress and tighter financial constraints, and then by stagnation or
decline and severe constraints, particularly with respect to the
balance of payments. This general economic pattern (observed re-
peatedly in the main text) can be expected to give rise to the
problem of multicollinearity with serious consequences for the
robustness of the results. (see Johnston (1972, pg. 160).

As a result of the estimation problems and resource con-
straints no attempt was made to realize thé third objective
outlined above. Proceeding to this stage would have produced
spurious predictions based, in some cases, on parameters for which
no a priori justification can be made. Thus the process described
here relates only to the specification of the model, testing its

predictive capacity by static and dynamic simulations using actual

data, and preparing simulations based on variations in certain of
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the exogenous or policy variables during the sample period

(1968-80).

As the title of this appendix implies the model is rudimen-
tary, but it is felt to represent a workable framework for the ty pe
of model which might be used by a finance ministry or other agency
of government to test the medium term effects of variations in
policy or changes in external circumstances. Before that could
happen considerably more work would have to be done to improve
the specification of the equations and the realism of the assump-

tions made.

2. A description of the model

The model as presented in this appendix consists of 76 basic
equations and identities though some equations omitted from the
presentation (consisting largely of.the transformation from con-
stant to current price forms - or vice versa) are implicit. There
are 20 wholly exogenous variables some of which are beyond the con-
frol of the authorities (e.g. the price of copper) while others
(such as the exchange rate, and the extension of credit to the
private sector by the banking system) are taken to be subject to
governmental action., While simultaneous equation estimation
would be preferable for this type of model, with a large number
of variables and equations many of which are clearly interdependent,

there is still insufficient data for this to be attempted. It
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will be at least another decade before there is sufficient data
to justify a full simultaneous equation approach.

The model presented here is recursive or triangular in
structure: that is, for any year each equation in the system may
be solved using eéxogenous variables, lagged variables or values of
variables obtained from equations higher in the structure. It
is the last category which is particularly characteristic of a
recursive system. This method is appropriate because consistent
and unbiased estimators may be obtained from the application of
ordinary least squares (OLS), and it can be shown that OLS yields
maximum likelihood estimates of the parameters (see Johnston (1972),
pp. 376-380, or Pindyck and Rubinfeld (1976, pp. 268-270).

One particular feature the model attempts to capture is the need
for both constant and current price versions of all variables, to
overcome the difficulties posed by the mineral sector whose real
(constant price) value added has remained fairly stable, but in
which the current price valuation is subject to large annual
variation. Thus although value added measured in constant prices
shows little change over the sample period, there was a large
deterioration in important financial aggregates such as the current
account of the balance of payments, the government budget deficit
and mining company profitability, all of which must be measured in

terms of current prices to reflect financial flows in the economy.

This requirement for parallel current and constant price
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formulations creates the need for a high degree of precision and
accuracy in the estimation of the price or inflation equations in

the model. However, the price equations in practice were perhaps

the weakest link in the whole exercise, and as is noted further in
section 3 the problem of prices remained intractable.

This question of deflation procedures complicated the esti-
mation of several equations, pérticularly those relating to the
real level of output. Nevertheless in many cases, such as govern-
ment revenue aggregates, the variables used in the regression
analysis were the current price forms, and the results must be in-
terpreted with some care because of the risk of establishing
spurious relationships, and the estimation problems caused by the
existence of collinearity among the variables.

The central price variable used was the implicit deflator
of total domestic expenditure on gross domestic product, this
being preferred to the consumer price indices (which cover only
a relatively small basket of goods) and the deflator of total GDP
which 1is distorted by fluctuating copper prices, and which have
little relevance for the determination of domestic prices.

The model is based around the concept of a dual economy.
Four production sectors are identified: subsistence agriculture,
commercial agriculture, mining and the non-mining urban sector,
which consists of all other sectors (such as manufacturing, elec-
tricity and water, construction and private and public services).

An attempt was made to disaggregate the non-mining urban sector
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but preliminary trials yielded no satisfactory relationships.
Following Blitzer (1978) an attempt was made to fit Cobb-Douglas
production functions to these sectors' output (Blitzer also iden-
tified an “emergent farming” sector), but, as is described in
Appendix XI.2, without success. In the final structure, output by
the subsistence sector was determined by the size of the rural
population (that is essentially a labour based aﬁproach) while

the output in the other sectors was significantly determined by

the measure of output capacity developed (which is based on capital
stock). A further distinction is drawn in which the “modern sector"
is defined as commercial agriculture, mining and non-mining urban
production.

Migration between the rural and urban sectors is a critical
problem in Zambia as in other less developed countries. An
explanation based on crude differences between average estimated
earnings in the two sectors proved unsuccessful, but a weak
relationship was discovered between the proxy variable for
migration and the rate of growth of urban employment. The labour
forces in the rural and urban sectors is taken to be a function of
the pertinent population. Employment in the modern sector is
entirely independent of the labour force, being largely determined
by the level of output (a proxy for the demand for labour) and the
real price of labour (earnings deflated by the price index of total
domestic expenditure). However, in mining the level of employment

is directly related to the size of the capital stock; output failed

to provide a satisfactory prediction of employment, possibly due to




the deflation problems discussed previously. Since employment and
the labour force are determined independently, it is possible to
derive immediately a measure of the level of urban unemployment,
which is expressed as @ percentage of the urban labour force.

The balance of payments is one of the principal components of
this model, and a number of different factors co;e into play. Export
earnings when measured in foreign currency (here taken to be US
dollars) are largely exogenous: prices are determined on world
markets, while the volume of output and sales by the mining industry
is assumed to be determined by external (mainly technical) factors.
This is an oversimplification, but without very substantial new
investment there is little that Zambia can do to increase the volume
of output of its mines. The authorities can vary the domestic
currency value of exports by variations in the exchange rate which
is taken to be an exogenous (but policy determined) variable.
Exports are determined initially in current prices.

The constant price level of imports is a function of the real
price of imports (that is relative to domestic prices) and aggregate
output of the modern sector used as a proxy measure for its demand.
Interest payments on external debt, and payments for freight and
insurance on imports are both endogenously determined, and cbmbine
with other invisibles to yield the current account balance. With
regard to the capital account only flows on account of external

borrowing are distinguished, all other capital movements being

regarded as wholly exogenous and beyond the control of the

authorities The combined effects of current and capital account
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result in changes to net foreign assets which constitutes the
1inkage between the balance of payments and the money supply. A
simplifying assumption is that "net foreign assets”" includes the
arrears on external payments so that no distinction can be made
between policies designed to improve the two aggregates.

Equations to account for the growth of external indebtedness

and the associated burden of debt servicing are included, but in the
simulations described in this appendix this aspect was largely
regarded as passive.

Final consumption expenditure was explained by reference to
the output of the modern sector, with government final consumption
being determined by the level of government expenditure, and
private final consumption consequently being derived as a residual.
Capital accumulation is central to the determination of the measure
of output capacity used in explaining production in the modemrn
sector. Gross fixed capital formation is explained adequately by
a simple accelerator model, described in the next section. Net
additions to the capital stock are estimated by net fixed capital
formation, derived from GFCF after an adjustment for capital con-
sumption (used as a proxy for retirements form the capital stock).

Government revenue is explained in a number of ways: mineral
revenue by output in the mining industry and the price of copper
relative to other domestic prices; income taxes by the output of the
taxes on domestic expenditure (sales tax and excise

modern sector;

duties) by the value of total domestic expenditure on GDP; and taxes
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on imports by the value of imports of merchandise. All are measured

in current values. Government expenditure is regarded as an

exogenous variable, but ome which is subject to limited variation by

the authorities. The sole exception is government interest on its
domestic and external indebtedness: this is enogenously determined
by debt outstanding and interest rates. The brief outline given in
this section is elaborated in the following section which presents

an algebraic form of the model together with the estimated parame-

ters of the stochastic equations.

The data used in estimating the equations were those con-
tained in Appendix S of statistical tables. The only significant
new series is the index of capacity utitization described in

Appendix XI.2

3. Algebraic formulation of the model.

In this sec#ion the model is outlines with a minimum of dis-
cussion or comment. The recursive structive is followed in the
presentation so that equations appear in the sequence required to
solve the model for any given year. Table XI.l.2 contains a

list of the variables included.

3.1 Population labour force and employment.
The excess (PDIF) of urban population growth (DPOPU) over the

exogenously given growth rate of total population (DPOP) is used as a

measure of mirgration from rural to urban areas. Neither the excess

of urban over rural earnings nor the rate of change of this differen-

tial was found to provide a satisfactory explanatory variable. A

somewhat better though still weak relationship was established

using the lagged rate of growth of urban employment (DLURB) as the
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Table XI. 1.1 List of variables used in model

Variable Name (a)

Description
Exogenous variables (20)
POP Total population
PCUS Copper price per tonne (wirebars on IME) expressed
as an annual average in U.S. dollars
EXRATE U.S. dollars per kwacha (annual average)
QCU Exports of copper (tonnes)
VCU Production of copper (tonnes)
EXPOWP Other non—~copper exports expressed in US dollars
URTRP Unrequited transfers (net) expressed in kwacha
1vop Other invisibles (net) expressed in kwacha
CAPOWP Other (non-debt) capital account transactions (net)

expressed in US dollars

FDBWP Disbursements (gross) from foreign loans (expressed
in US dollars)

WPIMP International price of imports: index of world
export prices expressed in US dollars

NCWP New commitments of foreign loans during a given year

COPSP Banking system claims on the private sector

OTH Other banking system liabilities

GCE Government current expenditure other than debt
interest

GKE Government capital expenditure

GNL Net lending by government

"Other" government revenue = includes grants, admini-

GRFG
strative fees, etc.
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TGFDP Net change in government external indebtedness

TGLDP Net change in government long-term internal indebt-—

edness

Endogenous variables (79)

X Total gross domestic product

X1 Value added - subsistence sector

X2 Value added - commercial agriculture

X3 Value added - mining

X4 Value added - non-mining urban sector

XMOD Value added - "modern" sector

E Total expenditure on gross domestic product
EDOM Total domestic expenditure on grossbdoméstic product o
CON Total consumption expenditure

CONMP Consumption expenditure of the modern sector
CGVT Government consumption expenditure

CPRV Private consumption expenditufe

GFCF Gross fixed capital formation

NTX Net exports of goods and services

NDIP National disposable income (current prices)
SAVP Savings (current prices)

DEPR Capital consumption (current prices)

NFCF Net fixea capital formation

K Capital stock

XC Capacity output

POPU Urban population

POPR Rural population

LF Total labour force
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LFURB

LFRUR

Li

LURB

uu

uuz

PIMP

PEDOM

PEXP

Pi

EXP

FI

IMIF

IV

CBAL

FA

FNF

FNT

CAP

NF AP

FDCU

Urban labour force
Rural labour force

Total emp]_ oyment

Employment in the ith sector (i = 1,...,4)

Employment in urban sector (sectors 3 and 4)
Employment in rural sector (sectors 1 and 2)

Urban employment

Urban employment expressed as a percentage of the
urban labour force

Domestic currency price of imports

Deflator of domestic expenditure on gross domestic
product

Index of export prices (in domestic prices)

Deflator of output for sector i

Exports of goods

Imports of goods

Interest on external debt

Insurance and freight on imports

Total payments on current account for services (net)
Current account balance

Amortization payments on external debt

Net flow on external debt (disbursements less amort-
ization)

Net transfer on external debt (disbursements less
debt service)

Balance on capital account transactions
Net foreign assets (in current prices)

External debt committed but undisbursed
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FDS
FDOD
IMCAPP
GRMI

GRYT

GRDE
GRMT
GREV
GINT
GCE
GEXP
GDEFP
TSTBP
M3P
DCP

COGP

Wi

WAVG
WURB
WRUR

W (i) DEF

External debt service

External debt outstanding and disbursement
Capacity to import (in current prices)

Mineral revenue

Revenue from income taxes (other than mining
companies)

Revenue from taxes on domestic expenditure

Revenue from import taxes

Total government revenue

Interest payments on government debt

Total current expenditure

Total government expenditure

Government deficit

Net change in short term borrowing by the government
Money supply (broad definition) in current values

Domestic credit in current prices

Banking system claims on government in current values

Velocity of circulation of money (broadly defined)

Average earnings in sector i

Average earnings - economy wide
Average earnings in the urban sector
Average earnings in the rural sector

Average earnings in sector i deflated by domestic
price index
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Notes to Table XI.l.1

(a) The following

conventions are used to vary the interpretation
of variables

Prefixes: T - first difference of vafiable concerned (e.g.

TCOGP, TM3P)

D - proportionate rate of change (e.g. DM3P, DX3)
Suffices: P - indicates current price value (e.g. GFCFP, EXPP)

WP - indicates value expressed in world prices

(current values); in this formulation current US
dollars are used as the numeraire.

Lags and time subscripts: Lags are indicated by a subscript such
as "-1" indicating a lag of one time
period. All variables represent time

series but time subscripts are not used
being implicitly understood.
(b) All indices are expressed with 1970 = 100

(¢) All constant value series are expressed in 1970 prices
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independent variable suggesting that the prospect of employment
rather than the size of the income differential acts as the incen-—
tive to internal migration. Indeed in Zambia, there was a negative
relationship between the size urban/rural differential (which
increased) and the excess of urban over total population (which
decreased).
Finally the relationship establised was

PDIF = 2.2300 + 7.7024 DLURB_,; (1)

? (2.7313) (1967-80)
R¢= 0.3834 F = 7.460 SEE = 0.4803 DW = 1.1002

where PDIF = DPOPU
DPOP (la)

Since DPOP is given exogenously, the rate of growth of the urban
population may be inferred from (la), and hence the actual size in
any given year of the urban population may be estimated. Rural
population is esFimated as

POPR = POP - POPU (2)

The urban and rural labour forces are assumed to be linearly related

to the appropriate population:

LFURB = 44.624 + 0.2755 POPU (3) (1965-80)
(146.531)
£z2= 0.9997 F = 21549.2 SEE = 3.622 DW = 0.4054
LFRUR = 703.51 + 0.5388 POPR (4) (1965-80)
(37.362)
r2%=0.9901 F = 1395.2 SEE = 7.8699 DW = 0.5614
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The total labour force is given by

LF = LFURB + LFRUR (5)

Employment in commercial agriculture (L2) and the non-mining urban
sector (L4) is determined by the sectoral level of output in the
previous period and the lagged "real" wage in the sector. Thus it
is assumed that hiring decisions are based on factors in the
previous time period. A similar formulation for the mining sector
produced coefficients which bore the wrong sign or which were not
statistically significant. Mining employment proved to be best
explained by the level of capital stock in the industry. Thus:

L2 = 36.734 - 0.1443 X2_; + 0.00972 W2DEF_; (6) (1966-79)
(2.6849) (0.9145)

R = 0.3972 F = 3.6246  SEE = 105.74 DW = 2.589
(DW lies in the inconclusive region for negative auto—correlations;

the t — statistic for the coefficient of W2DEF is very low)

L3 = 45.612 + 0.0237 K3_3 (7) (1966-79)
(4.2217)
R = 0.5975 F = 17.813 SEE = 2.6641 DW = 0.4142
(There is a serious problem of auto-correlation)
L4 = 109.99 + 0.1576 X4 ~ + 0.0424 WADEF (8) (1966-79)
(9.1123) ~1  (2.0141) -1
RZ = 0.9505 F = 51.41 SEE = 8.7818 DW = 1.6287

It is assumed that all workers in the rural labour force not

employed in commercial agriculture are engaged in subsistence

activity; that is

Ll = LFRUR - L2 (9)
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thus implicitly assuming that the whole rural labour force is
employed.
Total employment is given by
L =11 + L2+ L3 + L4 (10)
Urban employment (the lagged variable in equation 1) is given by
LURB = L3 + L& (11)
An indicator of the economy's capacity to generate employment is
given by the level of urban unemployment
UU = LFURB - LURB (12)
and the rate of unemployment is given by
uU% = _UU_
LFURB (13)
3.2 Prices
The prices of Zambia's imports proved to be central in the

estimation of domestic prices. The import price equation represents

one means by which exchange rate variations affect economic

activity in this model. A distinction is drawn between the world
price of imports (WPIMP) and their domestic price (PIMP). The

domestic price of imports is given by

PIMP = 1 + TFl WPIMP (14)
- %
| + TF. EXRATE
1+ 18,
where TF = GRMTP (l4a)
IMPP

The factor TF is used to capture the effect of variations in the
import tax regime, and is estimated for each year by the value in

the previous year in order to retain the triangular structure.
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The estimation of domestic inflation proved to be an

intractable problem. A large variety of single equation models was

tested including formulations with rates of change and absolute
levels of the variables., The index used to estimate inflation was
the implicit deflator of domestic expenditures on GDP. Although
this was used in preference to the indices of consumer prices it was
found to correlate very closely with the index of consumer prices
for low income households (R = 0.9937) and it was therefore felt to
be a satisfactory measure of domestic inflation, as well as
representing the price of all domestically traded goods (including
capital goods and raw materials) and not simply those goods in the
fairly restricted basket of consumer goods.

Among problems encountered in estimating the rate of inflation
or the absolute price level were:

(i) monetary variables tended to show very low correlation
coefficients with individual variables, low coefficients
of determination or coefficients whose signs conflicted
with a priori theory, or which were not significantly
different from zero, results confirming the evidence of
Chapter 7 section 7.7; the introduction of the velocity
of circulation to basic monetary formulations did not
appear to improve the strength of monetary explanations
of inflation.

(ii) more eclectic models were used with such variables as

average wages (level and rate of change), the level of



capacity utilization (see Appendix XI.2), rates of
growth of output, in various combinations, but no

conclusive results emerged consistent with accepted

economic theory;

(i11) a particular problem was posed by the specification of

the model and the attempt to achieve a recursive or
triangular structure which required a price equation
early in the solution and hence the use of lagged or
exogenous variables, High priority needs to be given to
a specification of inflation in any further development.
In all formulations domestic prices were found to be closely
correlated with the "domestic"” price of imports (that is the
domestic currency tax inclusive price of imported goods). In view
of the inability to produce alternative satisfactory single
equations it was decided to use the simple bivariate relationship
between domestic and import prices to provide a prediction of price
levels, a procedure felt to be adequate for certain limited
simulation purposes but an aspect of Zambia's econoqic performance

and structure requiring much closer study than could be done in this

study.
PEDOM = 0.3291 + 0.6339 PIMP (15)
(32.326)
R 2= 0.9867 F = 1044.6 SEE = 0.0816 DW = 1.5092

The implicit deflators of subsistence and commercial
agriculture and of non-mining urban output were estimated using

domestic prices as the explanatory variable.
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T

Pl = 0.1597 + 0.8885 PEDOM (16) (1965-80)
(30.098)
R 2= 0.9848 F = 905.70 SEE = 0.0784 DW = 1.0612
P2 = 0.1750 + 0.7698 PEDOM (17) (1965-80)
R 2= 0.9316 F = 190.61 SEE = 0.1481 DW = 0.7482
P4 = 0.1941 + 0.7938 PEDOM (18) (1965-80)
(47.333)
R 2= 0.9938 F = 2241.6 SEE = 0.0445 DW = 2.7037

The estimation of an implicit deflator for mining output is
complicated by the variability of mineral prices. In the Zambian
National Accounts a double deflation procedure is used and this was

reflected in the procedure adopted here, in that an index of copper
- 4
prices expressed in domestic currency (kwacha) was adjusted by a

cost factor which assumed that costs of production grow at a

constant rate. Thus
p3 =__ 1 & PCUIND (19)

t
(1+c)
where ¢ is the annual growth rate of costs of productiom,

t is measured with the base year (1970) as O

PCUIND is PCU expressed as an index with 1970 = 100.

Finally it was necessary to provide an estimator of the

implicit déflator of export earnings for the deflation of current

aggregates in the national accounts. This was provided by an

estimate based on the index of copper prices used in (15) again

reflecting the dominance of copper in the country's exports:
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PEXP =-2.745 + 113.466 PCUIND (20) (1965-80)
2 (27.949)
R "= 0.9824 F=781.1 SEE = 4.1338 DW = 2.074

3.3 Output

Following Blitzer (1978) an attempt was made to estimate Cobb

Douglas production functions for the four sectors in the model and
at an economy - wide level. The results were most disappointing
(see Appendix XI.2) with the explanatory variable, employment,
yielding coefficients inconsistent with a priori expectations, which
in many cases were negative. A production function procedure was
not used. However, the measure of output capacity (described in
Appendix XI.2), a capital based concept, was used in estimating
output in commercial agriculture and the non-mining urban sector.
Output capacity, XC, for the whole economy 1is estimated from

1n XC = In ( 196.5)+ 0.2524 * In K (21)
(6.4901)

RZ= 0.8404 F= 42,12 SEE = 0.0347  DW = 2.2612
Thus the level of employment plays no part (in this model) in
determining output, a result of the severe constraints on output
imposed by the deterioratiné financial position of the 1970's. 1In
each sector an attempt was made to incorporate the "capacity to
import™ as an explanatory variable but with inconclusive results,
probably due to the short period (relative to the whole period for
estimation) during which the import constraint was so significant.
The use of producer prices as an independent variable in agricul-

ture did not produce statistically significant results, and there
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was some evidence of a negative relationship between prices and

output. Thus no support was found for Nziramasanga and Obidegwu's

(1980) method which used producer prices.

Subsistence agricultural output was estimated as a function of

the rural population. Thus it is assumed that pure subsistence
output is just sufficient to maintain existing living standards, an

approach similar to that adopted by the Zambian National Accounts

(see National Accounts 1973, page 5). Any surplus produced by
subsistence activity is thus implicitly assumed to be traded for
cash, thus entering "Commercial agriculture” which might more

accurately be termed "marketed agricultural production.”

X1 = -28.246 + 0.0423 POPR (22) 1965-80
(21.814)
R.2= 0.9713 F = 473.96 SEE = 1.0606 DW = 1,6096

In current prices subsistence output is
XP1 = Pl * X1l (22a)
Commercial agricultural output was estimated as a function of

output capacity and the size of the urban population:

X2 = 200.89 + 0.1611 XC - 0.0197 POPU (23)  (1967-80)
(3.3191) (1.631)
R 2= 0.8468 F = 30.406 SEE = 4.3636 S = 1.9109

Expressed in current prices:

XP2 = P2 * X2 (23a)
The coefficient of POPU presents some problems in interpretation.
The a priori expectation was that it would be positive reflecting
a rising demand for food from a growing urban population. A

negative coefficient would be interpreted in terms of a growing
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urban population representing a drain on scarce skilled agricultural

labour. More probably it reflects the inability of agricultural

output to keep pace with urban growth. In view of the lack of clear
a priori expectations it was decided to retain POPU despite the low
t-ratio of its coefficient.

In order to reduce stong autocorrelation in the "level”
variable for mining output, X3 is derived from a growth rate

formulation. Thus:

DX3 = -0.0206 + 1.1832 DVCU - 0.0459 DPCUDF  (24) (1965-80)

(5.2655) (0.5175)
where PCUDF = PCU
PEDOM
R% = 0.7012 F = 14,081 SEE = 0.0701 DW= 1.6767
and for current values
XP3 = P3 * X3 (24a)

Although autocorrelation in the formulation with absolute levels may
have been reduced, the effect was to rénder the coefficient on.the
deflated copper price statistically insignificant.

Value added in the non-mining urban sector, X4, was estimated
using output capacity and the exogenously determined supply of

credit (as measured by net claims on the private sector) as

explanatory variables.

%4 = -315.12 + 0.6881 XC + 0.3816 COPSP (25)  (1967-80)
(4.6329) (1.7341)
R = 0.7760 F = 19.055 SEE = 50.994  DW = 0.5861

and current price values given by

X4 = P4 * X4 (25a)
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Despite strong autocorrelation, a growth rate formulation could not

be applied since the variable COPSP started from a near zero base

with some negative values.

Other output related identities include:

"Modern sector" output

XMOD

X2 + X3 X4 (26)

XPMOD

XP2 + XP3 + XP4 (26a)

Total output (GDP estimate)

X

X1 + X2 + X3 + X4 (27)

XP

XP1l + XP2 + XP3 + XP4 (27a)

3.4 The balance of payments and external indebtedness Export

earnings are taken as the sum of proceeds (in US dollars)
from sales of copper and all other exports. Exports are thus
entirely exogenous to the model, though in practice Zambia

could influence earnings by varying production and sales of

copper.

At world prices: EXPWP = (QCU * PCUS) + EXPOWP (28)

At domestic prices: EXPP = EXPWP (28a)
EXRATE
At domestic prices at
constant values: EXP = EXPP (28b)
PEXP

Imports of merchandise at constant values are determined by

their price relative to domestic prices and the level of demand as

measured by the output of the modern sector.
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At domestic (constant) values:

IMP = 635.96 ~ 451.4 PIMPDF + 0.1403 XMOD  (29) (1965-80)

(5.7817) (1.1776)
R %= 0.7743 F = 22.295 SEE = 39.28 W = 1.9602
At domestic prices: IMPP = PIMP * IMP (29a)
At world prices: IMPWP = IMPP * EXRATE (29b)

The formulation of equations for merchandise trade reflects the
position in which demand for imports is internally determined (in

domestic currency) while export earnings are largely externally

determined.

Net "invisibles" in the current account are from four sources:
a) Freight and insurance: IMIFWP = f,IMPWP (30)
where f is the proportion of the import bill devoted to

freight and insurance (assumed to be 0.21 for all
simulations).

b) Interest on external debt: FIWP = —“; FDODWP_, (31)
FIP = FIWP (31a)
EXRATE

c¢) and d)>Unrequited transfers (URTRWP) and other invisibles
(IVOWP) are both exogenous and are expressed in net
terms (negative sign representing a net outflow)

Thus net invisibles are given by:

IVWP = URTRWP + IVOWP - FIWP - IMIFWP (32)

IVP = IVWP (32a)
EXRATE :

The current account balance is given by the following:
At world prices: CBALWP = EXPWP - IMPWP + IVWP (33)

At domestic prices: CBALP = EXPP - IMPP + IVP (33a)
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The capital account involves several variables, most relating to

external debt:

a) Disbursements (FDBWP) are taken to be exogenous

b) Amortization was assumed to be a constant proportion (&)
debt outstanding at the end of the previous period:

FAWP = X FDODWP 1 (34)
c) The net flow of receipt from foreign borrowing is thus

FNFWP = FDBWP - FAWP (35)

d) The balance on capital account is thus:

At world prices: CAPWP = FNFWP + CAPOWP (36)
At domestic prices: CAPP = CAPWP (36a)
EXRATE

The change in net foreign assets in any year (defined to include

external payments arrears and other monetary movements) is given by:

At world prices: TNFAWP = CBALWP + CAFPWP (37)
At domestic prices: TNFAP = TINFAWP (37a)
EXRATE

Equation (37a) represents the link between the balance of

payments and the money supply.

Other identities which could be used in a fuller specification

of an "indebtedness” model but were not introduced in the

simulations are:

FDCUWP = FDCUWP = FDBWP + NCWP (38)
FDSWP = FIWP + FAWP (39)
FNTWP = FDBWP — FDSWP (40)

(41)

FDODWP = FDODWP ! + FNFWP
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The capacity to import was estimated in simulations but did not
enter the final version of the model as an endogenous variable. It
is defined as:

IMCAPP = EXPp - FIP - URTRP - IvOoP + CAPP + 0.2 NFAP (42)

thus following the definition proposed in Chapter 7, section 7.7,

and yielding a figure expressed in terms of a c.i.f. valuation

of imports,

3.5 Domestic expenditure on gross domestic product and total
consumption
e Y

It is assumed that GDP measured by type of expenditure and by
kind of economic activity are edual, that is
E=X (43)
Hence no independent measure of GDP (expenditure based) is derived
and it follows that total domestic expenditure on GDP is given by:
EDOMP = XP - NTX (44)
where
NTX = EXPP - IMPP + IVP - FIP - URTRP (45)
NTX is a measure of net exports of goods and services.
From (44) it follows that
EDOM = EDOMP (44a)
PEDOM
Total consumption determined from a linear equation with
total domestic expenditure as the explanatory variable resulted in
serious problems of autocorrelation. However, when consumption in
the modern sector is regressed on the output of that sector the
problem is overcome.
CONMP = 335.6 + 0.8593 XPMOD (46)

(12.197)
R 22 0.9140 F = 148.76 SEE = 156.59 W = 1.7030

1
1)

(60}
I



Thus total consumption is given by:
CONP = COMMP + XP1 (47)

and the constant price equivalent by :

CON = _CONP_ (47a)
PEDOM

3.6 The Government Budget

Mineral revenue was projected from a regression equation rather
than an identity involving profits, costs and levels of output
because of data limitations with the latter approach. Dummy
variables were introduced to capture the change in ownership and tax
regime in 1973 and the large shift which occurred in 1975 when
copper prices collapsed.

GRMIP = -204,84 + 0.4875 PCUDEF - 0.1776 XP3 + 153.6 DUM2

(3.6627) (1.3485) (3.574)
~ 140.0 DUM3 (48)
(2.549) (1968-70)
R2=0.9243 F = 24,410 SEE = 36.419 DW = 1.6183

(DUM2 = O until 1973, 1 thereafter; DUM3 = 0 until 1974,
1 thereafter)

Taxes on all other (non-mineral) income are estimated from an

equation with modern sector output.

GRYTP = -72.863 + 0.1322 XPMOD (49) (1965-80)
(14.334)
R2== 0.9362 F = 205.30 SEE = 20.501 DW = 1.3163

Taxes on domestic expenditure are estimated from total

expenditure and a dummy variable (DUM2 as above) is introduced to

capture the introduction of sales tax in 1974.
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GRDEP = -64.219 + 0.0964 EDOMP + 40.745 DUM2 (50) (1965-80)

(14.686) (2.1875
2: . )
R €= 0.9554 F = 139.24 SEE = 20.069 DW = 1.5607

Taxes on international trade (customs duty and sales tax

(imports)) are estimated from the level (in current prices) of

merchandise imports.

GRMTP = -13.450 + 0.1259 IMPP (51) (1965-80)
2 (11.784)
R == 0,9085 F = 138.97 SEE = 6.984 DW = 1.5580

Total government revenue is the following identity including
grants and other revenue items in GRFGP.

GREVP = GRMIP + GRYTP + GRDEP + GRMTP + GRFGP (52)

Current expenditure (other than interest), capital expenditure
and net lending are regarded as wholly exogenous. A formulation
using a trend growth rate for capital and current expenditure
resulted in unstable simulations. Government interest payments are
estimated by:

+ T, coGp_

GINTP = I, GFDP  F TT, GLpp (53)

-1 1
(In this exercise fixed interest rates were assumed —‘ﬁ;= 0.075,

T’:= 0.085, Tr,_= 0.045. A simple revision would allow the intro-

duction of variable interest rates).
Current expenditure is thus defined as:
GCEP = GCEOP + GINTP (54)
and total government expenditure is
GEXPP = GCEP + GKEP + GNLP (55)

The government budget deficit, given by

GDEFP = GREVP - GEXFPP (56)
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is financed by external and internal borrowing with differentiation

between short and long term borrowing. The net flows from long-term
internal and external borrowing (TGLDP and TGFDP respectively) are

assumed to be exogenous. Thus the levels of long term indebtedness

are given by:

GFDP

GFDP_l + TGFDP

GLDP

GLDP_l + TGLDP

Short term borrowing by the government is treated as a
residual, thus:

TSTBP = GDEFP - TGFDP - TGLDP (57)
In more recent years it would be a safe assumption that almost all
short term borrowing was financed by the banking system.
Nevertheless a regression was run between short term borrowing
requirements and banking sector claims on the government to

establish a satisfactory link to the money supply equation.

TCOGP = 16.251 + 0.8903 TSTBP (58)  (1966-80)
(9.9171)
R 2= 0.8833 F = 98.35 SEE = 44.565  DW = 1.7339

3.7 The money supply

Money is treated largely as a passive variable, changes in the

stock of money corresponding to variations in net foreign assets and

the government's short term borrowing requirement, both of which are

largely governed by factors beyond the control of the authorities.

The only variable over which the authorities can exercise some

degree of control is “claims on the private sector” and this is an

exogenous policy variable. Using the basic banking sector balance
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sheet identity, then changes in the stock of money (broadly defined)

are given by

T3P = TNFAP + TCOGP + TCOPSP + TOTH (59)
and hence for any given year

M3P = M3P_j + TM3P (59a)
The total expansion of domestic credit is given by

TDCP = TCOGP + TCOPSP (60)

so that the total supply of domestic credit is

DCP = DCP 1 + TDCP (60a)

The income velocity of circulation of broad money is defined as

V3 = XP (61)
M3P

and real money balances (M3) could be defined as

M3 = M3P (59b)
PEDOM

3.8 Other national accounts aggregates

Equation (48) gave total consumption without disaggregating
between private and government sectors. Private consumption
expenditure is derived as a residual after the estimation of
government final consumption expenditure which is estimated from
total government expenditure:

CGVTP = -79.69 + 0.7051 GEXPP (62)

(12.033)

R 2= 0.0118 F = 144.80  SEE = 70.779  DW = 2.1618

with the constant price value given by
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CGVT = GGVTP (62a)
PEDOM
Private consumption expenditure is then estimated as
CPRVP = CONP - CGVTP (63)
CPRV = CPRVP (63a)

PEDOM

Investment figures as an explanatory variable in this
specification only to the extent that it provides an estimate of the
net addition to the capital stock. It is estimated from a simple
accelerator model (see Appendix XI.2) giving the equation (expressed
in constant values):

GFCF = -521.26 + 0.8997 X MOD ~ 0.1169 KLAG (64) (1966-80)
(4.982) (5.177)

R 2=_0.7O79 F = 14,541 SEE = 46,170 DW = 1.8565

and the current price equivalent

GFCFP = GFCF * PEDOM (64a)
Capital consumption was found to be better estimated by an equation
using the value added of the modern sector rather than lagged

capital stock:

DEPRP = -80.176 + 0.1975 XPMOD (65) (1965-80)
(14.209)
R2 = 0.9352 F = 201.95 SEE = 30.892 DW = 1,4318
and DEPR = DEPRP (65a)
PEDM

It is assumed that capital consumption is equal to the value of
retirements from the capital stock, there being no measure of the
latter. Thus net additions to the capital stock are estimated by

net fixed capital formation, giving the following equations:
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NFCF = GFCF - DEPR (66)
NFCFP = GFCFP ~ DEPRP (66a)
K = K_1 + NFCF (67)

Finally national disposable income and savings may be estimated

(current price series only) from basic identities:

NDIP

XP - DEPRP + FIP + URTRP (68)

SAVP

NDIP - CONP (69)

3.9 Wages and earnings

"Earnings"” or income in subsistence agriculture are taken to be
equal to the average product of subsistence workers, i.e.

Wl = XPl (70)
“TT

Various formulations of earnings equations were tested and the
following proved least unsatisfactory. Earnings in the mining
industry were regressed on the domestic price index and value added

per worker (a measure of productivity):

W3 = 1320.3 + 969.8 PEDOM - 0.0289 PRODY3 (71) (1965-79)
(5.2809) (0.6342)
R 2= 0.7258 F = 18.878 SEE = 374.69

In each of the commercial agriculture and non-mining urban
sectors prices, value added per worker and earnings in the mining
industry were used as explanatory variables, the last reflecting the
hypothesis that the mining sector acts as a "trend-setter” for the
rest of the economy. (Testing of bivarate relationships showed that
the current year value gave a higher correlation than lagged
earnings in the mining industry). Collinearity between prices and
measure of value added per worker led to the

the current price
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retention of the one which was introduced first in a stepwise

regression.
W2 = -67.916 + 333.23 PEDM - 0.0588 W3 (72) (1965-79)
(6.9761) (1.4525)
2
R™ = 0.9523 F=119.83 SEE = 53.468
W4 = 305.64 + 0.3622 PRODY4 -0.0999 W3 (73) (1965-79)

(8.2307) (1.066)

2
R™ = 0.9553 F = 128,51 SEE = 105.74 DW = 0.9963

The unsatisfactory results obtained in this section and the
employment equations meant that very limited attention was paid to
reporting estimated values in the simulation results. It is also
noted that wages and earnings were introduced initially in the
expectation that they would act as explanatory variables, but
estimation results were disappointing.

Other aggregates calculated were average modern sector earnings,

urban earnings and rural earnings.

WAVG = 3 (LiWi (74)
2 |11 )
i=1
WURB = 4 _[LiwWi (75)
=1 )
1=3 A
WRUR = 2 (LiWi (76)
§E<;11 )
i=1
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4, Some limitations

The model as it stands suffers from several limitations which
would require correction or further investigation before it would be
of use for testing policy measures or preparing short or medium term
forecasts.

Specification of the model was restricted by the imposition of a
recursive structure. This was particularly true of the inflation
equation which might be strengthened by the inclusion of other
unlagged variables. Almost all relationships were cast in linear
equations; a number of equations might be improved by the adoption
of non-~linear formulations. Moreover specification of several
equations reflects a rather eclectic approach, and a more systematic
theoretical framework is desirable, though this may well be
unattainable.

A principal reason for adopting a recursive structure was the
insufficiency of the available data to warrant a full simultaneous
equation estimation procedure. Also as stated in section 2 the data
used were those contained in Statistical Appendix S, and it will be
noted from the qualifications stated in the footnotes to the tables
that many of the series suffer from a variety of limitations:
non-availability for certain years, inconsistency or discontinuity,
and the fact that very few series (other than monetary aggregates)
can be obtained for periods shorter than one year. Some of the

problems of estimation might be partially overcome if shorter

periods were to be investigated.

Specific econometric problems arise with a number of equations.

The Durbin-Watson statistics reported show that for a number of the

- 88 -



equations autocorrelation was present, and although in some cases
this was overcome by changing the specification (e.g. from the
"level” form of the variable to a growth rate form) a more
systematic correction is necessary. The first step would be to
apply the Cochrane-Orcutt iterative procedure of estimation to the
affected equations and to estimate the necessary additional
parameters. The presence of autocorrelation is another reason why
the use of the model as it now stands for prediction purposes would
be inappropriate. (See Johnston (1972) pp 243-266 for further
discussion of the nature, consequences and solutions for the problem
of autocorrelation.)

Finally as noted previously there are at least two reasons why
multicollinearity among the variables might affect the estimated
parameters. Firstly, several of the equations were estimated from
the current price form of their variables; and secondly, the
progress of the economy through three distinct phases during the
sample period (rapid growth, slower growth, stagnation and decline)
means that all the variables tend to move in parallel, with the
result that it becomes more di fficult to distinguish the underlying
relationships. One means of overcoming this would be to estimate
the parameters for shorter periods, but again there would be
limitations imposed by the availability of data, and the possible
e of too many degrees of freedom, for tests of statistical

sacrific

significance.

...89...



5. Error analysis

In section 3 the parameters were presented together with
associated tests of statistical significance and goodness of fit.
Except where stated for very specific reasons, no parameter or
equation was retained where tests yielded results with significance
levels of greater than 5 per cent. In addition to these tests for
individual equations, a further analysis was applied to simulations
using historical data.

Two historical simulations were undertaken: static and dynamic.
The static simulation used actual or historical data as the input to
the solution of the model for each year; that is in solving the
model for any given year 't', the values of pertinent variables are
set equal to their actual levels in the previous years. The dynamic
simulation differs in that lagged variables take on the value
yielded by the model; only the initial year values (in this case
1968) are set equal to historic levels. As a test of the model's
predictive ability the dynamic simulation is clearly the more
realistic, but the use of both simulations allows a judgement to be
made about the extent of the deterioration caused by using
"model-generated” data.

A variety of test statistics have been used for this purpose

i i - see Pindyck and
(e.g. mean simulation error, mean percent error y

Rubinfeld (1976, pp 316-8) for further discussion). The measure

adopted here is the root mean square error (RMS), expressed in

percentage terms defined for variable X as:
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where X is the predicted or

simulated value of X.

and th
us measures the average squared deviation of predicted values

from the actual time series. Table XI.l.2 presents the root mean

square error (RMS) calculated for selected significant
macro-economic variables, for both static and dynamic simulations.
Judgements about acceptable levels of error (as measured by the RMS)
must inevitably be subjective, but it is suggested that any variable
with an error greater than 10 percent should be the subject of
further investigation and possible re-specification; wherever
possible the error should be brought below 5 per cent.

On this criterion several variables give cause for concern:
commercial agriculture (especially in current prices) is poorly
predicted, not unexpectedly in view of the comments in section 3 on
its parameters. Mining output predictions are particularly weak,
further evidence of the problems of specifying a satisfactory
equation (or equations) for this sector.

The variables classified under GDP by type of final expenditure
(consumption, investment, etc) and capital consumption also yield
high simulation errors. There is a pronounced difference among

these variables between the RMS yielded by the current and constant

price forms of the variables, another indication of the problem

caused by the weakness of the price equations.

With respect to population and employment variables the RMS is,

in general acceptable, although the mining sector again displays

the largest error. One reason for the relatively low errors among
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Table XI. 1.2

Error analysis of principal economic aggregates:

Root mean square error

Variable Static simulation

Dvnamic simulation

(expressed as percentages)

Gross domestic product (constant prices) 4.52
Value added - subsistence sector (comstant prices) 1.04
Value added - commercial agriculture (constant prices) 7.73
Value added - mining (constant prices) 7.17

Value added

non-mining urban sector (comstant prices) 6.48

Gross domestic product (current prices) 7.90
Value added - subsistence sector (current prices) 5.35
Value added - commercial agriculture (current prices) 15.05
Value added - mining (current prices) 42,38
Value added - non-mining urban sector (current prices) 5.70
Value added - modern sector: (constant prices) 4,90
Value added - modern sector: (current prices) 8.99
Private sector final consumption: (constant prices) 20.45
(current prices) 21.41

Government final consumption: (constant prices) 32.50
(current prices) 25.05

Gross fixed capital formation: (constant prices) 13.65
(current prices) 14,42

Total domestic expenditure: (constant prices) . 11.25
(current prices) 11.20

Capital consumption (current prices) 19.58
1.18

Urban population
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6.94
5.51
14.90
49.81
7.52
5.38
7.84
23.47
27.95
32.62
25.56
17.34
21.01
16.05
15.57
23.61
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Table XI. 1.2 (continued)

Error analysis of principal ecomomic aggregates:

Root mean square error

Variable

Static simulation

Dvnamic simulation

Rural population

Employment in commercial agriculture
Employment in mining

Employment in non-mining urban sector
Deflator of total domestic expenditure on GDP
Price index of imports (in domestic currency)
Exports (current prices)

Imports (current prices)

Invisibles (current prices)

Money supply (broadly defined)

Total claims on government (of banking system)
Net foreign assets

Domestic credit

Mineral revenue

Income tax revenue

Taxes on domestic expenditure

Taxes on imports

Total government revenue

Government interest payments

Average earnings in commercial agriculture
Average earnings in mining

Average earnings in non-mining urban

Average earnings in rural sector

Average earnings in urban sector

TOTAL

8.33
21.69
68.11
54.27

182.7 (79.4)

2712.1
18.73
20.77
19.01

6.87
16.89
8.12
14.21
6.14
11.54
5.03

4.98

14.29
7.75
16.77
158.08
122.43 p
91.4
10754.7 (513.0)
23.48
32.36
16,82
9.74
11.05
10.93
13.30
10.90
13.45
7.46

7.57

-93-



these variables is that, unlike others, they follow a relatively

smooth path, so that a linear equation may provide better
predictions than series where large annual fluctuations occur.

Individual government revenue aggregates yield large RMS errors.
This is in part a result of little account having been taken of
changing tax regimes; it is also due to low absélute observed values
in individual years causing distortion in the overall measure. This
is well demonstrated by mineral revenue where the simulation error
is very large indeed: 1if 1978 is excluded from the calculation, RMS
is reduced to the figure shown in brackets in the table (since
in 1978 actual mineral revenue was KO.l million, and that predicted
by the model was -K38.6 million). Similar correction for other
years with very low actual receipts would further improve the RMS
figure. Despite the high RMS for individual aggregates, the
simulated values of total government revenue fall within the range
which may be accepted but with reservations.

Similar observations may be made about the simulated values of
monetary variables: wherever series fluctuate between positive and
negative values (as happened with net foreign assets) there is a
risk that during the transition period differences will occur in
individual years which are large relative to the absolute observed
ular year but which may be small relative to the

value in a partic

mean absolute value of the variable, that is when measured over the

full sample period. Also in simulating current price series with

low initial values (or even negative ones as in the case of net

domestic credit and claims on the government) there is a similar

risk of distortion.




Th i ;
us 1in several instances the size of the RMS reflects a

deficien i .
¢y in the measure of simulation error adopted, rather than

in the simulation itself, As a general point it is noted that in

the case of the monetary aggregates predictions in the later years
of the simulation period (from about 1973 onwards) were more likely
to be accurate than those in the earlier years; so, although caution
should rightly be exercised before proceeding to forecasting
applications, it is suggested that the errors may not be as serious

as first impressions suggest in some cases.

6. Experimental simulations with the model

A number of simulations were conducted, with two objectives.
The first, in which variables wholly outside government control were
altered, was intended to demonstrate the effects of deteriorating
terms of trade and lost copper production on the Zambian economy;
the second, in which "policy exogenous” variables were adjusted, was
an attempt to test certain of the conventional macro-—economic
measures which might be available to the government, and are the
type of short term "stabilization” measures which might be promoted
by the iMF. The whole concept of such simulations is fraught with

difficulties - it is the nature of simulation to alter one variable

at a time which is clearly mrealistic - many variables can alter

simultaneously in practice.

The model described in gsection 3 does not contain many of the

linkages and relationships which had originally been expected or

hypothesized Moreover many of the dependent variables proved to be

insensitive to changes in the exogenous variables. Consequently
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many of the experiments yielded significant changes only in those

equations most closely associated with the variables which were

adjusted. For instance when copper prices were increased

substantially, the balance of payments and government budget showed

a substantial improvement, while no appreciable variation occured in

the output or expenditure case. In fact in some cases reactions

were perverse — the opposite of those expected - a result of those
parameters with unexpected signs which were retained. In general
there proved to be weak or non-existent links between the monetary
or financial sectors and the "real economy” - an indication of one
or more of the following: an inadequately specified model, an econ-
omy not amenable to simple econometric analysis or an economy whose

real output is largely beyond the control of government or monetary
authorities.

A total of 15 simulations were performed which are described in
Table XI.l.3 together with results for the historical (static and
dynamic) simulations and the original time series. A selection of
economic variables is presented in Tables XI.l. 4A and XI.1.4B to

allow comparison among the different simulations. In the following

paragraphs the principal features of the simulation assumptions and

results are discussed.

Case 1 represents actual unad justed historical data, while cases

2 and 3 are the static and dynamic historical simulations whose

i revious section. In cases 4 and 5
accuracy was discussed in the pre

two exchange regimes are tested in which a more flexible exchange

In the first it 1s assumed, that the link to the

rate is adopted.

dollar was maintained after the 1973 devaluation (Zambia maintained
ollar wa
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Table XI.1.3

List of simulations

Case Number

1 Description
) Actual
2. Base data - static
3. Base data - dynamic
4. Exchange rate case A - devalued with dollar
in 1973: "crawling peg"” from 1975 - 10%
annual devaluation
5. Exchange rate case B - adjustment for terms
of trade variation from 1971
6. Copper prices maintain real 1966-70 level
relative to world import prices
7. Copper production constant after 1973 at
700,000 tonnes
8. 6 and 7 combined
9. Government current expenditure constant
10. Government current and capital expenditure
constant
11. Government current expenditure grows with
population (capital actual)
12. . Government current expenditure grows with
population and capital expenditure constant
13. Government current expenditure is set to
allow zero short term borrowing (based on
actual data
14 Budget stabilization fund operated (base
data)
15 Budget stabilization fund operated - zero
) government short term borrowing: private
gsector benefits
16 Net claims on private sector grow with in-
: flation :
Net claims on private sector grow with in-
L7 flation and growth of modern urban sector
18 Claims on private sector grow with inflation

and planned growth rate
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Table XI.1.4B

Imports as a percentage of import capacity in simulation exercises (a)(b)

(Percentages)

Historical E::::nge Copper prices and Gove rnment
" production expenditure

Case number 1 2 3 4 5 6, 7 8 9

1968 95 89 86 86 86 86 86 86 86

1969 72 75 78 78 78 78 78 78 78

1970 73 71 70 70 70 70 70 70 70

1971 139 141 126 126 102 85 126 85 126

1972 118 122 107 107 82 63 107 - 63 107

1973 97 87 78 74 66 61 75 59 78

1974 93 82 88 81 71 56 83 54 88

1975 141 119 119 101 66 45 110 43 119

1976 136 185 161 132 87 44 171 45 161

1977 139 159 158 130 87 38 149 37 158

1978 179 230 239 172 106 38 180 3% 240

1979 86 121 104 83 66 28 99 27 104

1980 137 105 105 78 63 26 89 24 105

Notes: (a) Both expressed in f,0.b., valuation

(b) Cases 10-18 are identical with case 3.
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] .
the kwacha's value relative to sterling), and that from 1975 a
crawling peg"” system was adopted. For this exercise it was
arbitrarily assumed that a 10 percent devaluation was imposed in

each year, regardless of external conditions. In the second case it

is assumed that the authorities had perfect foresight concerning
terms of trade variations, and that the exchange rate was adjusted
to compensate fully for such variations. Thus if the dollar terms
of trade declined by 10 percent then the kwacha would have been
devalued by 10 percent, so maintaining the domestic currency

"~ earnings or exports. In both cases the effect on the balance of

payments (as shown by the movement of net foreign assets) is
pronounced - in case 4 net foreign (NFA) are positive by 1980 and in
case 5 NFA never becomes negative. Moreover the statistic shown in
Table XI.l.4B (imports expressed as a percentage of the capacity to
import (f.o.b.)) reveals that in only one year in case 5 would
imports exceed capacity, and then only marginally so. This suggests
that with earlier and more flexible action on the exchange rate the
problem of external payments arrears might have been eliminated by
the end of the 1970s, and arguably might even héve been prevented in

the first place. This latter outcome would however have required

much greater foresight than is possible in practice. The outcome

would not have been costless = the trend rate of inflation is seen

to increase sharply in both cases, as higher domestic currency

prices for imports are transmitted to domestic price indices. It 1is

also noted that the decline in gross fixed capital formation was

even more rapid, and economic growth even slower in these two cases.
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In .
cases 6, 7 and 8 variations are made to two wholly exogenous

variables - the international price of copper, and the volume of

output and sales of copper. With respect to prices (case 6)

simulation was based on an extreme supposition: that copper prices
had maintained (from 1971 onwards) their real level relative to the
world prirce of imports; in other words that the terms of trade had
effectively remained constant. The effect on the country's external
accounts would have been dramatic, with net foreign reserves rising
to levels normally associated with OPEC nations and import capacity
being substantially improved. It is improbable that such
accumulation would have occurred - undoubtedly the economy's

absorptive capacity (capacity to import and invest) would have been

higher and the economic structure would almost certainly have
evolved along a different path. In case 7 copper production and
sales are assumed to have remained constant (as opposed to the
decline which actually occurred). Although some improvement in the
external accounts 1is observed, it is very small relative to the
price effects of case 6. Finally it is observed that in all of

cases 4 to 8 the growth of the money supply is very much more rapid
than was historically the case, a direct consequence of rising net

foreign assets, and it is suggested that such monetary expansion is

benign — not a cause for policy action. This monetary growth occurs

even though the government's short term borrowing is reduced

substantially by the occurrence of higher mineral revenue.

In simulations 9 to 13 variations were made to government

expendi ture aggregates with all growth rates calculated from the

base year of 1968. For purposes of comparison it should be noted
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that the historical trend rate of growth of current expenditure was
1.1 per cent, while capital expenditure declined at the trend rate of
9.5 per cent. Thus holding current expenditure constant results in
only a small reduction in expenditure, while constant capital
expenditure implies a substantial increase. It is an indication of
deficient linkages in the model that the only sections of the model to
be affected by these variations are the government sector itself and
the monetary sector. In summary, the effects of cases 9 to 13 show
that monetary aggregates are highly sensitive to changes in
expenditure: the reduction of the trend growth rate of current
spending from 1.1 percent to zero (case 9) results in a very low level
of banking claims on government by 1980. However if capital
expenditure is increased to yield zero growth with zero current
expenditure growth (case lO) the claims on government are restored to
about three—quarters of their level in the dynamic historical
simulation. Cases 11 and 12 make more generous allowances for the
government with current expenditure rising to match population growth
(i.e. notionally to preserve the level of services available in 1968),
with case 12 allowing higher (i.e. constant) growth in capital
spending. In the latter case, domestic credit and the money supply
would have grown very much more rapidly: the money supply's trend
growth rate in 1968 to 1980 would have been 18 per cent compared to
In case 13 the very highly restrictive and

the actual 11.6 per cent.

arbitrary assumption of zero short term borrowing is introduced. The

effect is deflationary in the extreme with negative total claims on

government by 1980, and spurious money supply figures. (Where mone-
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tary growth rates are not calculated this is because some freak

effect is yielded -~ such as negative money stock). The results are

reported for completeness, and no policy recommendation is implied.
In cases 14 and 15 the operation of the Budget Stabilization
Fund discussed in chapter 10 is simulated. Given the unsatisfactory
linkages in the model, little evidence could be expected in the way
of improving the real level of output in these simulations. In case
14 the fund is introduced without changing any other variable - the
sole effect in the reported results is to reduce slightly the
accumulation of banking system claims on the government. In case 15
the fund is operated so as to reduce government short term borrowing
to zero, with the private sector being permitted to increase its
liability to the banking system commensurately, but even this fails
to produce any substantial impact on the output variables. This is
attributed to the model rather than the policy itself, although the
justification for establishing a fund should be that the resulting
stabilization of the-governments demands for banking system credit
should result in a reduction of inflationary pressure; easier access
for the private sector (especially the agricultural sector) to
credit facilities; or a more stable flow of resources through the
udget into the productive sectors of the economy. If

government b

none of these objectives were achieved then there would be little

benefit from the establishment of the fund.
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Finally in cases 16, 17 and 18 the only monetary aggregate

subject to indirect governmental control - net claims on the private
sector - is varied according to some plausible yardsticks: limiting
growth to the anticipated rate of inflation; or allowing it to grow
in line with the actual current price value of output in the modern
urban sector of the economy; or, most liberally, allowing growth
equal to the planned growth of output (current prices). In the last
case, the planned rates of growth in constant prices were taken to
be those contained in the First, Second and Third National
Development Plans: i.e. 11.7 per cent in 1964-70, 7.5 per cent in
1971-76 and 4.8 per cent in 1977-80. Anticipated inflation was
simulated with the actual data. In the first two cases there was an
appreciable fall in the simulated trend rate of growth of output,
while the latter caused a small increase in growth. One
particularly interesting feature of this means of attempting to
control the money supply is that it is self-defeating because

output falls, causing a reduction in the flow of resources to the
government, and consequently necessitating a rise in government
short term borrowing. The final result is that the money supply
grows appreciably more rapidly in all three cases, even though in

cases 16 and 17 the growth of domestic credit to the private sector

grows more slowly than the actual series.

7. Conclusion

The attempt to construct a model of the Zambian economy could

lead to two diametrically opposite conclusions. One is that any

attempt to model the macro—economy is futile, given the magnitude
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of the external shocks to which Zambia was subject in the latter
part of the 1970s and early 1980s, a period whose data will be
critical in any attempt to construct models during the next decade.
The other conclusion is that a more sophisticated approach than that
used here might improve the results, and some of the ways in which
this might be done were suggested in section 4. If this is the
case, it seems clear that the structure which emerges from any model
using time series for several years after 1974 will be very
different from that suggested by the models of earlier studies.
Indeed it 1s probably true that the difficulties encountered in this
exercise arose from studying two very different periods, i.e. before
and after the sharp decline in the terms of trade during the
mid-1970s. On balance the conclusion is that further study should

be devoted to this problem.
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APPENDIX XI. 2 INVESTMENT, CAPITAL STOCK AND OUTPUT CAPACITY

1. Introduction

In the attempt to construct a model for the Zambian economy

described in Appendix XI.l, one of the areas in which serious

problems were encountered was in establishing satisfactory sectoral

output, production or value added relationships. Attempts were

made to fit Cobb-Douglas production functions to sectoral and economy —
wide data, but as noted in Appendix XI.l, this yielded parameters
inconsistent with a priori expectations. In the final version it
was decided to attempt to estimate capacity output from the level

of capital stock only, without regard to the labour force or employ-
ment, thus effectively treating labour as an abun&ant resource with
a marginal product of zero (l1). In order to estimate output capa-
city, the estimates of capital stock, and by implication the
capital formation model, assume considerable importance. This
appendix outlines the model used to predict gross investment, pro-
ceeding to the method used to estimate the captial stock for

individual sectors, and then to the estimation of capacity output

in the final section.
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2. Investment

A simple accelerator model based around a fixed capital out-

put ratio, &, is given by:

Ax =ady, (1)

where AKt is the net change in the
capital stock
ZSYt is the change in output
This gives a very poor statistical fit; for instance, using con-

stant price values a correlation coefficient (R) of -0.0321 was

‘obtained, and with current prices the value of R was 0.1090.

A common approach is to introduce a partial adjustment mech-
anism in which net investment in any year is only a proportion,‘k,
of that required to produce the desired level of capital stock
(for instance see Wallis (1973,pp.63-66). This is felt to be a
plausible behavioual assumption in Zambia where investment has
almost certainly been.constrained by external factors, so that
annual adjustments to the capital stock are indeed rather less
than would be desired to achieve planned growth targets. For~

mally this relationship can be expressed as
AR =% -k ;= (1-M(®R* - K ;) (2)

*
where K 1is the desired capital stock
and K is the actual capital stock.

It is assumed that the capital output ratio, &, determines the
desired capital stock, that is

Kt* =Y, (3)
Then, combining (2) and (3)
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t ~ %1 = A '/\\)(O(Yt - K

~
i

=X(= MY - (1 - AR, (4)
This equation (4) is a Koyck-lagged investment function, and estimates
of its parameters appear as equation (64) in Appendix XI.1, and the
equation was used in the simulations of the model. The statistical
fit yielded by equation (4) is very much better -a correlation
coefficient (R) of 0.8414 was obtained.

Equation (4) thus provides an estimate of net investment during a
given year. Gross investment (gross fixed capital formation) can then
be estimated by adding to this an estimate of capital consumption (it
being implicitly assumed that this is equal to actual retirements form
the capital stock). For the purposes of the model tests were per-
formed on the relationship (linear) between capital consumption and
two variables: the capital stock at the end of the previous year
and the gross domestic product of the modern sector of the economy,
that is all sectors except subsistence agriculture. It was fognd that

the latter of these two variables gave the better fit, and estimates

of the parameters appear as equation (65) of Appendix XI.l.
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3. Estimation of the capital stock

The Z i
e Zambian Census of Industrial Production 1973 was used as the

basis for capital stock estimates, being the most recent such census

available (see Republic of Zambia (1976, Table 6.2)). This gives

capital stock figures for mining, manufacturing, electricity, and

water and construction. No data are available for commercial

agriculture, transport and communications or any of the other service
sectors. Thus some estimate must be made of the total capital stock
using available data,

Estimates for the latter sectors were taken by assuming that
their capital stock in 1973 bore the same relationship to total
capital stock, as that between net fixed capital formation in the
sectors in question and total net fixed capital formation in the
years 1965 to 1973. Net fixed capital formation was taken as the
difference between gross fixed capital formation and capital con-
sumption,

Having obtained estimates of the total capital stock in 1973,
estimates were made of the capital stock in previous years from
1965 by successively deducting net fixed capital formation in each
year from the 1973 stock figure. For subsequent years estimates
were made in a similar manner, that is cumulatively by adding to
the 1973 figure the estimate of net fixed capital formation in each
year up to 1980.

It should be noted that the capital stock figures were esti-

mated in constant (1970) prices. Where deflation was necessary,
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the implicit deflator of gross fixed capital formation was cal-

culated from national accounts data in the annual National Accounts or

Monthly Digest of Statistics, published by the Zambian Central
Statistical Office, and was then applied to all capital series,
whether stock or flow. This was necessary since the Zambian

authorities do not publish a constant price series for capital

consumption.

The series estimated appear in Table XI.2, XI.2.l.

4, Estimation of capacity output

As explained in section 1 it proved impossible to estimate pro-—
duction functions (aggregate or sectoral). Instead an attempt was
made to produce an aggregate measure of output capacity in the
economy based on the capital stock available.

A relationship was estimated in which output was expressed as a

log-linear function of actual capital stock for the period 1965~74:

ln X = 5.2327 + 0.2524 In K (1)
(6.4901)
R2 = 0,8404 F = 42,12 DW = 2.2612

The period 1965-74 was used because during these years the

7ambian economy was growing fairly rapidly (particularly the non-

mineral sectors) and it seems a reasonable assumption that the

capital utilization was fairly high. Certainly in subsequent years

utilization was lower because of the foreign currency constraints

which developed.

The trend curve SO fitted is then shifted outwards so as to

pass through only one point on the capital-output plane, the maximum
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Table X1.2.1 Fixed capital formation and capital stock estimates

in 1970 prices

Gro§s fixed Net Fixed Capital
capital formation capital formation Stock at end
of year

Million kwacha

1965 185.8 114.3 1363.1
1966 227.9 158.3 1521.4
1967 271.5 191.4 1712.8
1968 278.2 188.7 1901.5
1969 302.5 182.9 2084.4
1970 379.1 242.4 2326.8
1971 355.1 207.8 2534.6
1972 389.5 219.3 2753.9
1973 352.5 176.0 2929.9
1974 358.5 202.4 3132.3
1975 393.5 234.6 3366.9
1976 331.0 183.1 3550.0
1977 304.0 165.2 3715.2
1978 213.0 82.5 3797.7
1979 154.0 30.0 3827.7
1980 162.0 43.4 3871.1

Source: Calculated from the following publications of Republic of
Zambia, Central Statistical Office.

6 (Table 6.2)
Census of Industial Production 1973, Lusaka 197
Nztional Accounts and Input-Output , Lusaka 1980 (Tables 5.4,
5.13 and 6.7)

April/June 1981 Lusaka (Tables

st of Statistics
Monthly Dige ’ 56 and 57)
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output—capital configuration as shown in Figure XI.2.1. It is thus

implicitly assumed that in the year so identified (which transpires
to be 1974) capital was being used at an optimum level. The shifted
curve CC now represents the combinations of output and capital which
would have been achieved if capital utilization had been as intensive
as in 1974. The effect of this shift is to change the constant term
in (1) leaving the coefficient of K unaltered; thus

In X%: = 5.2807 + 0.2524 In Kt (la)

Equation (la) is then used to estimate the level of capacity utiliza-
tion for each of the years 1965 to 1980 as shown in Table XI.2.2. by
substituting the annual figures for capital stock into the equation to
yield an estimate of output capacity, XCt.

It is almost certainly the case that this results in a measure
which overestimates capacity utilization. Nevertheless it does indi-
cate a sharp fall in utilization after 1976, even though net invest-
ment was declining in real terms and this may be attributed to the
development of other constraints on production.

The index of capacity utilization, IC, is the quotient of actual
output and estimated capacity expressed as a percentage, thus:

IC, = Xt X 100%
t X
t
In estimating the capacity output by the above method some use

was made of the survey of measures of capacity utilization by

Christiano (1981) although no specific measure was chosen from

among those surveyed.
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Figure XI.2.1 Estimation of output capacity

Output

Million
kwacha

1,500

1,400

1,300

1,290

1,100

1000 2000 3000 Million
kwachna

Capital stock

Sources: Calculated from Appendix S, Table S.1 and Table XI.2.1.
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Table XI.2.2. Estimation of output capacity and capacity

utilization

f:z:iai?P Estimated capacity Index of capacity
¥ o;éput utilization

t ¢ .
1965 1186.9 1188.3 99.9
1966 1120.7 1214.8 92.2
1967 1209.6 1249.0 96.8
1968 1224.7 1286.9 95.2
1969 1219.4 1321.3 92.3
1970 1277.7 1352.3 94.5
1971 1269.3 1390.4 91.3
1972 1386.4 1420.7 97.6
1973 1361.1 1450.8 93.8
1974 1473.9 ’ 1473.7 100.0
1975 1438.1 1498.7 96.0
1976 1500.1 1526.3 98.3
1977 1424.2 1546.8 92.1
1978 1458.8 1564.7 93.2
1979 1342.1 1573.4 85.3
1980 1371.8 1576.5 87.0

Source: Calculated from Appendix S Table S.1.l and Table XI.2.l.

(For explanation see text.)

- 114 -




Notes

1. Given the Cobb-Douglas production function
Y = AKd];p
the marginal product of labour is

3 = paxe? -1
dL

Il
e
]

A
Thus if f5=o,?_z=0andY=AK
L
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APPENDIX S. STATISTICAL APPENDIX

This appendix contains a number of tables to which reference
is made in the text and other appendices. The footnotes in each

table provide any further elaboration which is necessary.
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Table S.1.0 Gross domestic product by type of expenditure in current market prices 1945-64

(Million pounds)

Gross domestic Private final Government final Gross capital Exports Imports gi;orts

products consumption consumption formation(a) (b) (b) (b)
1945 15.4 8.7 1.3 1.6 12.8 9.2 3.6
1946 18.1 9.9 1.6 2.2 14.9 10.5 4ok’
1947 27.8 12.5 2.1 4.4 24.2 13.7 10.5
1948 34,0 15.3 2.7 8.7 28.1 20.8 7.3
1949 43.9 19.1 3.7 12.0 34.7 26.7 8.0
1950 58.5 22.6 4.5 15.1 49.6 34.4 15.2
1951 85.9 29.7 5.9 19.3 74.5 44,9 29.6
1952 96.9 36.1 7.1 26.8 79.8 53.3 26.5
1953 112.2 49,6 9.1 28.9 86.2 63.6 22.6
1954 136.9 64.8 9.5 31.3 ces aee 33.6
1955 172.5 76.0 11.5 43.0 ces cee ces
1956 189.2 82.4 14.0 57.9 cee ves 36.6
1957 156.8 89.5 16.5 63.6 vae ves -8.9
1958 142.5 88.0 17.1 34.2 cese ces 4.1
1959 . 189.9 95.9 20.1 41.1 ces vee 30.4
1960 209.3 100.7 21.1 49.7 ces vee 37.6
1961 203.1 102.0 24,5 49.3 ves ves 30.1
1962 200.5 105.1 26.6 45.6 ces ‘e 24.1
1963 209.9 108.2 28.9 37.5 37.4
1964 252.1 125.9 29.7 28.7 oo N L, 70.7

: Includes “Net increase in stocks”
Noces Ei; in zhe years 1954-64 separate figure for gross exports and gross imports are not

available.

-53: Statistical Office The National Income and Social Accounts of Northern
19437331 gﬁgsizia, 1945-53, Lusaka, December 1964 (Table 2 page 25)
1954 and 1956-64 - Republic of Zambia, National Accounts 1964-65 and Input-—output table,
1965, Lusaka: Central Statistical Office (Iable 2 page 2)
1955 - International Monmetary Fund, International Financial Statistics Yearbook, 1980,

Washington: International Monetary Fund

Sources :
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Table S.2.3 Indices of Prices and earnings 1965~77 (1970 = 100)

Earnings Index of Z
] g prices for Real Zarniags (c)
Zambian (a),(b) Total (a) low income households Zambian Total

1965 46.2 59.6 74.2 62.3 80.2
1966 51.8 63.3 8l.7 63.4 77.5
1967 71.7 80.6 85.8 83.6 93.9
1968 76.8 84.9 95.2 80.7 89.2
1969 . 8l.2 88.2 97.5 83.3 90.5
1970 100.0 100.0 100.0 100.0 100.0
1971 111.3 109.6 104.9 106.1 95.7
1972 109.4 111.5 110.2 99.3 101.2
1973 122.4 122.6 117.4 104.3 104.4
1974 121.0 123.8 126.9 95.3 97.6
1975 123.0 124.9 139.7 88.0 89.4
1976 159.4 156.5 166.0 96.0 94.3
1977 164.6 159.8 198.9 . 82.7 80.3

Note: (a) to overcome discontinuity noted in footmote to Table $.2.2 the 1970
ratio of earnings (cash only) to earnings (cash and ldnd) was assumed
constant and applied to each of the vearsl965-69. The indices are for
cash earnings only.

(b) To overcome the di scontinuty caused by nationality classifica-
tion change noted in Table $,2.2 the 1972 ratio becween “Zambian"” and
“African” earnings was assumed constant.

(¢) Both earnings indices deflaced by price index for law income house=

holds.

Source: Republic of Zambia, Monthly Digest of Statiscics, Lusaka: Central Sta-
tistical Office (various issues)
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Table S.3.2. leading Producers and Exporters of Copper, Selected Years (a)

(Thousand tonnes copper content)

Ore Re fined
1965 1970 1975 1979 1965 1970 1975 1979
Production
Uusa '1226.3 1560.0 1282.8 1441.3 1956.7 2034.5 1610.2 1981.3
USSR 750.0 925.0 1100.0 1140.0 875.7 1075.0 1420.0 1500.0
Zambia 695.7 684,1 676.9 588.3 522.2 580.7 629.2 570.6
Chile 585.6 691.6 828.3 1060.6 288.8 465.1 535.2 779.5
Canada 462,5 610.3 733.8 643.8 393.8 492.6 529.2 397.3
Zaire 288.6 387.1 494.,8  399.8 152.6 189.6 225.9 103.2
Peru 177.4 212.1 189.2 397.0 40,5 35.9 71.6 229.0
Japan 107.1 119.4 85.0 60.0 365.7 705.3 818.9 983.7
Australia 92.4 157.8 219.0 232.8 95.2 145.5 192.0 173.8
China 75.0 120.0 155.0 180.0 100.0 130.0 248.0 300.0
(Papua New cee ces 172.5 170.8 aes cee ooe cee
Guinea) '
Exports
Zambia oot oee e cos 502.4 578.4 616.1 625.8
USA cee N ces cee 290.2 201.4 156.2 74.9
Belgium-Luxembourg ... oo cos v 258.9 295.2 148.6 297.6
Chile vee ooe cos ees 213.3 440.0 504.2 741.8
Canada e e 178.4  265.3  319.6  191.1
W. Germany ces cee ves cee 101.2 93.6 97.3 99.6
United Kingdom cee cee cee v 46,2 45.5 15.7 22.6
Peru vee eee N AN 37.3 32.6 36.9 212.0
Zaire ces cos eee eee cee 180.0 224.0 70.0
Note: (a) Ranked by 1965 level.

1980, Worcester Park: Metal Bulletin Handbooks.

Source: Metal Bulletin Handbook

- 131 -




Table §.3.3 Comparatiye ¢ : U
P Mecafpggghggégegiicég producer prices and London

US_Ptoducer Exchange rate US producer IME price IME prices as

prices (dollars per prices (pounds (pounds per percentage of (5)

(cents per pound)(!l) pound)(2) per tonne)(3) tonne)(4)  US producer price
1948 22.32 L.00 175.7 131.9 iwi'd
1949 19.50 2.80 153.5 130.9 85.3
1950 21.58 2.80 169.9 176.2 103.7
1951 24,50 2.80 192.9 217.2 112.6
1952 24,50 2.80 192.9 255.4 132.4
1953 29.05 2.80 228.7 252.2 110.3
1954 29.94 2.80 235.7 245.5 104.2
1955 37.51 2.80 295.3 346.2 117.2
1956 42.00 2.80 330.7 323.9 97.8
1957 30.17 2.80 237.5 216.0 90.9
1958 26.31 2.80 207.5 . 194.5 93.9
1959 30.99 2.80 244.0 233.9 95.9
1960 32.34 2.80 254.6 241.9 95.0
1961 30.32 2.80 238.7 226.0 94,7
1962 31.00 2.80 244,1 230.3 94.3
1963 31.00 2.80 244,1 230.2 94,4
1964 32.35 2.80 254.7 346.5 136.0
1965 35.36 2.80 278.4 461.4 165.7
1966 36.00 2.80 283.4 545.0 192.3
1967 38.10 2.40 350.0 410.3 117.2
1968 41,17 2.40 378.2 515.2 136.2
1969 47.43 2.40 435.7 611.0 140.2
1970 58.07 2.40 533.4 587.6 110.2
1971 52.09 2.43 472.6 444,1 94.0
1972 51,44 2.50 453.6 427.7 9.3
1973 59.53 2.45 535.7 726.3 135.6
1974 77.06 2.34 726.0 876.2 120.7
1975 64.53 2.22 640.8 556.5 86.8
1976 69.62 1.81 848.0 782.1 92.2
1977 66.72 1.75 840.5 749,9 89.2
1978 66,53 1.92 763.9 710.2 93.0
1979 92.75 2.12 964.5 936.2 97.1
1980 101.30 2.33 958.5 961.4 98.2

Colum (1) American Metal Market, Meral Statistics 1967 and 1980 (New York)
Colum (2) Intermationl Monetary Fund, International Financial Stacrisctics
Yearbook, 1980, Washington: International Monecary Fund
Column (3) Metal Bulletin Handbooks Ltd, Metal Bulletin Handbook, 1980
(Worcester Park)

Sources:
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Table S.3.6 Production, consumption, stocks and prices of copper: world levels(a)

Thousand tonnes

Pounds per tonne

Index of

Production Consumption Commerical Price(c) Deflated price(d)
Stocks(b) (pounds/tonne) industrial
countries(1966 = 100)

1960 5006 4719 cas 241,9 605 ..
1961 5145 5021 ‘oo 226.0 565 veo
1962 5278 5137 oo 230.3 576 ses
1963 5374 5411 oo 230.4 562 cee
1964 5806 5980 ses 346.5 845 ‘oo
1965 6161 6171 ese 461.4 1099 vee
1966 6357 6421 301 545.0 1267 100.0
1967 6001 6158 271 410.3 954 103.5
1968 6667 5506 285 515.2 1198 108.6
1969 7191 7165 329 611.0 1389 114.1
1970 7538 7271 583 587.6 1250 117.9
1971 7339 7289 611 444,11 906 122.3
1972 8093 7951 659 427.7 792 129.2
1973 8521 8762 393 726.3 1100 137.2
1974 8903 8340 832 876.2 952 137.7
1975 8344 7475 1743 556.5 557 136.8
1976 8790 8536 1828 782.1 767 144,1
1977 9100 9050 1963 749.9 676 149.6
1978 9201 9455 1534 710.2 582 155.5
1979 9359 9800 1075 936.2 637 160.8
1980 9373 9528 1028 941.4 529 162.4
Notes: (a) Excluding centrally planned economies

(b) Held by producers ccnsumers, merchants or exchanges.

(¢) LME cash settlement price (wirebars)

(d) Deflated by index of world export unit values.
Sources: Compiled or calculated from: World Bureau of Metal Statistics, World Metal Statisctics

(Jan. 1972, Jan. 1976, July 1979, May 198l) for colunms 1-4,
Internacional Monetary Fund, International Financial Statistics Yearbook, 1980, Washing-

ton: International Monetary Fund (for world export unit values and GDP daca

-
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Table S.4.4 Mining companies fixed assets, financial years 1971-80

Year NCCM RCM
ending
Property Treatment Employee Total(b) Property Treatment Employee Total(
and mine and other housing and and mine and other housing and
development plant services development plant services
Gross assets — Million kwacha
1971 193.3 174.5 58.5 426.2 127.5 118.3 51.0 296.8
1972 coe AN .o 468.4 143.8 133.3 53.2 330.3°
1973 . .o cee 527.1 167.1 136.4 55.1 358.6
1974 o e see 596.1 181.9 145.9 57.4 385.2
1975 244,7 333.2 77.0 655.0 198.5 162.1 61.2 421.8
1976 256.3 355.5 82.5 694.3 213.2 180.2 62.6 456.1
1977 243.2 381.9 85.3 710.4 236.1 209.7 66.2 512.0
1978 258.7 386.1 88.8 733.6 256.3 240.0 67.0 563.3
Net assets
1978(a) 159.8 250.4 64.6 521.3 .o . . e .o
restated
1979 .o coe e ee 272.2 249.3 67.7 589.2
Net assets
1979(¢a) 152.3 248.9 64.4 519.9 161.6 142.8 0.4 408.7
restated
1980(a) 152.8 256.6 68.0 548.9 176.2 169.0 1.7 418.9

Note: (a) Accounting practices revised with particular reference to depreciation provisions
therefore not directly comparable.

1978/9 and RCM in 1979/80.

(b) Includes work in progress

Source :

Nchanga Consolidated Copper Mines,

Expressed in net terms.

Roan Consolidated Mines, Annual Reports
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Annual Reports 1971-80

Adopted by NCCM in
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Table S. 4.6 JAverage copper prices realized by Zambian wmining companies
(Kwacha per ctonne)
Aver., orice deflated
by deflator of
Unweighted Zambian
e RCOM Total(b) Average(d) non-mineral Us
GDP GNP
1970 (916)(c) (822)(c) (869)(c) 1011 - -
1971 804 794 799 767 753 760
1972 749 791 770 765 689 703
1973 1161 1130 1145 1156 976 989
1974 1140 1178 1159 1327 908 913
1975 848 859 853 794 630 613
1976 996 962 979 1006 664 669
1977 1019 1046 1032 1016 579 665
1978 1120 1125 1122 1090 548 674
1979 1557 1497 1572 1572 694 843
Notes: (a) Converted to calendar year basis using weighted averages of financial
vear data
(b) Simple arithmetic average of each company's prices
(¢) Incomplete financial year.
(d) Arithmetic average of daily prices om London Metal Exchange
Source: Realization prices: calculated from NCCM and RQM, ﬁEEEii_BEEEEEi 1971-80
Unweighted averages: Republic of Zambia, Monthly Digest of Statristics,
Lusaka: Central Statistical Office, April/September 1980 Table 5.3 0g.49
Deflators: Zambia non - mimeral GDP - calculated from Appendix S, Table S.l.l/

S

.1.2

US GDP - calculated from Internmational Mometary Fund, Intermational

Financial Statistics Yearbook, 1980, Washingtom:

C

ary Fund

International Mone-
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Instabitity and growth of real export earnings (a):
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Malaysia
Mexico

Papua New Guinea

Paraguay

Peru

United Kingdom
Yemen A.R.

New Zealand
Zaire .

Nicaragua

Nigeria
South Africa

Sri Lanka
Swaziland

Syria

Sierra lLeone
‘Tanzanila

Senegal
Singapore
Thailand
Togo
Tunisia
Turkey
Zambia

epressed in US dollars deflated by index of world export unit values

(a) Export earnings

Notes:

ty index (deviations from exponential trend)

bility and growth index (see chapter 4)

(d) Exponential trend growth rate.

bildi

(b) I - simple insta
(¢) IG - composite 1

nsta

ernational Monetary Fund

International Financial Statistics Yearbook,

Fund

International Monetary

Calculated from Int
1980, Washington

Source :
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TABLES S.5.2 Income Terms of Trade: Selected Countries 1966-78

(1969=100)
Country 964 1969 1974 1978
Algeria 83.6 100.0 240.0 245.0
Australia 77.6 100.0 125.5 123.1
Central African Republic 87.7 100.0 65.3 73.1
Chile 59.1 100.0 110.4 80.8
Cy prus 63.0 100.0 73.4 125.3
Dominican Republic 104.6 100.0 165.4 132.2
Ecuador 79.8 100.0 281.2 283.3
Egypt 77.7 100.0 97.5 84,2
Ethiopia 94,5 100.0 107.8 92.6
Greece 59.8 100.0 175.3 219.3
Honduras 59.6 100.0 83.6 127.4
India 99.7 100.0 102.2 130.8
Indonesia 91.0 100.0 415.9 491,7
Iran 64.0 100.0 491.3 381.0
Ivory Coast 69.9 100.0 127.5 184.1
Japan 44,8 100.0 166.3 220.3
Kenya 87.5 100.0 116.0 135.6
Kuwait 91.1 100.0 335.3 255.6
Liberia 68.8 100.0 97.7 89.5
Libya 30.3 100.0 129.8 130.5
Malaysia 71.8 100.0 122.7 161.2
Mexico 77.4 100.0 99.9 150.3
New Zealand 95.3 100.0 96.0 111.4%
Nicaragua 84.6 100.0 114.8 146.8
Nigeria 70.8 100.0 516.2 423,2
Papua New Guinea 53.8 100.0 334.1 281.0
Paraguay 104.7 100.0 159.1 182.1
Peru 82.7 100.0 84,7 83.5
Senegal 89.6 100.0 59.0 167.7
Sierra Leone 93,5 100.0 62.5 : 51.4
Singapore 62.7 100.0 179.4 235.4
South Africa 79.9 100.0 125.0 138.4
Sri Lanka 131.3 100.0 78.3 94.7
Swaziland 54.7 100.0 137.3 113.7
Syria 9l.4 100.0 181.0 184.8
Tanzania 98.9 100.0 78.6 69.6
Thailand 90.0 100.0 165.3 207.5
Togo 73.3 100.0 203.3 196.2
Tunisia 83.2 100.0 263.4 245.2
Turkey 104.9 100.0 167.1 152.9
United Kingdom 78.4 100.0 106.9 146.7
Yemen A.R. 46.3 100.0 156.7 61.0
Zaire 50.2 100.0 ‘ 97.1 49.1:
Zambia 46.9 100.0 62.7 27.5
NOTES: (a) Income terms of trade defined as g = REEE
o
m 'm

where E is total value of experts
Pe Pm are respectively export and import unit values and OE-is
C,

the volume of exports

Source : Calculated from MMF IFS

o
o~
i



TABLE S. 5.3 Net terms of trade (a): selected countries, 1964-78

Country 1964 1969 1974 1978
Algeria DATA NOT AVAILABLE

Australia 116.3 100.0 104.6 83.4
Central African Rep. DATA NOT AVAILABLE

Chile DATA NOT AVAILABLE

Cy prus 97.6 100.0 74.8 70.2
Dominican Rep. 92.0 100.0 86.1 71.1 '
Ecuador 112.7 100.0 132.7 115.4
Egypt DATA NOT AVAILABLE

Ethiopia DATA NOT AVAILABLE

Greece 111.4 100.0 87.5 74,9
Honduras 114.6 100.0 80.3 116.8
India 102.0 100.0 74,1 73.9
Indonesia DATA NOT AVAILABLE

Iran 107.3 100.0 317.7 301.4
Ivory Coast (b) - - 100.0 140.2
Japan 99.2 100.0 90.2 91.2
Kenya 113.4 100.0 80.3 104.8
Kuwait 107.3 100.0 364,2 319.0
Liberia 107.3 100.0 75.7 8l.1
Libya 107.3 100.0 267.8 211.0
Malaysia 105.4 100.0 100.7 94.3
Mexico DATA NOT AVAILABLE

New Zealand 131.4 100.0 96.5 86.4
Nicaragua DATA NOT AVAILABLE

Nigeria DATA NOT AVAILABLE

Papua New Guinea DATA NOT AVAILABLE

Paraguay 122.3 100.0 112.3 118.3
Peru 84.5 100.0 114.0 96.1(c)
Senegal - 100.0 130.5 107.1(c)
Sierra Leone DATA NOT AVAILABLE

Singapore (b) - - 100.0 93.5
South Africa 101.9 100.0 79.4 70.9
Sri Lanka 124,2 100.0 77.2 80.4
Swaziland DATA NOT AVAILABLE

Syria 98.4 100.0 154.1 140.3
Tanzania 123.0 100.0 97.6 -
Thailand 98.2 100.0 95. 73.5
Togo 83.5 100.0 155.9 148.3
Tunisia 98.7 100.0 174.1 137.0
Turkey - 100.0 97.5 82.5
United Kingdom 105.2 100.0 80.6 95.5
Yemen A.R. DATA NOT AVAILABLE

zaire DATA NOT AVAILABLE

Zambia 46.2 100.0 61.7 31.5(c)(d)

Notes: (a) Net terms of trade
= Pg/P, where
Pp is wit value of exports and Pp 1s import unit-value

approximated by index of world exports unit value

(b) 1974 = 100

(c) 1977 used 1in place of 1978

(d) Calculated from Zambian data the primary source for IMF data.

Source:

Statistics Yearbook 1980, Washington:

Calculated from International Monetary Fund, International Financial

International Monetary Fund
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