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Table S5: Capital-Qutput Ratios, by Sector, for the
Economy in Kenya

Sector

2 Modern Agriculture 2.59
3 Mining 2 90
il Manufacturing 2.58
5 Construction 3.90
0 Electricity & Water 7.88
7 Commerce 1.06
8 Transport 5.75
9 Services 6.08

Source: Bigsten, A. (1978, p. 121). Originally,
these ratios have been estimated by the
World Bank (1875, p. 136).
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Table 6:

Aggregate sectors

Sectoral Structure for Kenya's Capital-Output Data

A)
1.

B)

Non-monetary sector

Subsistence

Monetary sectors

. Modern agriculture

3. Mining

. Manufacturing

. Construction
. Electricity & Water

7. Commerce

8. Transport

. Services

1.

[ RS |

9.
10.

11.
12.
13.

14.
15.
16.

17.

18.
19.

21.
20.
22.
26.
23.
24.
25.
27.
28.

Agriculture, fishing, forestry

. Watersupply, building, ownership

of huts

. Agriculture, fishing, forestry

Prospecting, mining, quarrying

. M. of food preparations
. M. of bakery products, chocolate,

sweets

. M. of beverages, tobacco
. M. of textile raw materials, rope,

twine
M. of finished textiles

M. of garments, knitwear, made-up
textiles

M. of footwear, leather, fur products
M. of sawmill products

M. of wood products, printing, pub-
lishing

M. of rubber products

M. of paint, detergent, soap

M. of petroleum products, other che-
micals

M. of misc. non-metallic mineral
products

M. of metal products

Building and repair of transport
equipment

Building, construction
Electricity, water supply
Trade distribution
Financial services
Transport, communication
Restaurant, hotel services
Ownership of dwellings
Misc. services

Government services

Source: World Bank. Quoted from Bigsten, ibid., pp. 58-59.
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In chapter 2, we presented the sectoral distribution
of the damage that the earthquake caused reproduced
from the estimates made by the Bank of Guatemala. In
table 7, these figures are reproduced and, in addition,
converted to values in terms of 1970 prices.*) This is
nccessary because all information used so far in the

trend analysis is expressed in 1970 prices.
Table 7: Sectoral Distribution of the Damage Caused
by the Earthquake of February 1976 in Gua-

temala. Millions of Q

Millions of Quetz.

No Sector of 1976 of 1970

2 Agriculture 11.796 7.26

3 Mining 0 0

4 Manufacturing (industry) 23.0 14.16

5 Construction 0 0

6 Electricity & Water 14.861 9.15

7 Commerce 5.7 3.51

8 Transport 70.047 43.13

9 Services 895.596 551.43
Total (D) 1,021.0 628.64
GDP, 1,365 ) 2,687.60

The sectoral distribution of the damage prcsented in

this table has been obtained and calculated as follows:

- The damage to sector 2, agriculture, 1s the sum of
US $8.7 million reported as damage to rural activi-
ties plus US $3.09 million of damage to the agri-

*
)For this conversion we have used:
70
70 PP 76
PP
am76

The original values represent replacement costs in 1976.
k%
)International Statistics, op.cit.
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cultural infrastructure {(the latter item is reported
as 4 per cent of the total damage (US $77.4 million)

to the economic infrastructure).
- For sector 3 no damage is reported.

- For sector 4, manufacturing, we have taken the
US $23 million reported as damage to the industry.

- For sector 5, construction, no damage is reported.
We believe that damage to this sector, if any, is
included in those for sector 2 and 4.

- Damage to sector 6 includes damage to electricity
and water resource systems. In the report of the
Bank of Guatemala damage to water systems is in-
cluded in the damage to the infrastructure for so-
cial services (US $§219.9 million), of which US
§13.7 million are indicated as damage to water sys-
tems. In the same way damage to the electricity ge-
nerating systems 1is presented together with damage
to railways and 1s indicated as 3 per cent of the
US §77.4 million of the damage to the economic in-
frastructure. Therefore, damage to electricity has
been arbitrarily put to one half of the indicated
3 per cent or US $1.16 million. As a total, the sum
of the damages assigned to sector 6 amounts to US
$14.86 million.

- Damage to commerce, sector 7, has been taken direct-
ly from the estimate given by the Bank of Guatemala
for this sector and is equal to US $5.7 million.

- The amount of damage to transport, sector 8, includes
the following: 26 per cent {(or US $20.12 million)
of the damage to the economic infrastructure of the
nation that is reported as damage to seaports, 63
per cent of the same amount reported as damage to
roads and bridges (or US $48.76 million) plus US
$1.16 million which is the remainder of the damage
to railways and electricity generating systems dis-
cussed in connection with sector 6. This gives a to-
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tal of US §70 milliion,

- Finally, the damage to services, sector 9, includes
US $§16.9 million for damage to the hotel industry,
US §206.2 million for damage to the infrastructure
for social services (obtained by subtracting from
the total damage to the social infrastructure the
US $13.7 million of damage to the water system al-
ready included in sector 6}, US §669.4 milliion of
damage to the housing sector (or services from the
ownership of dwellings) and US $3.09 million of
damage to tele-communication and postal services.
This amounts to US $895.59 million of total damage
to sector 9.

Now, using the sectoral classification presented above,
the changes in levels of production (AQS) of the dam-
age (DS) that the earthquake caused in each sector,
would be given by:

1
(5)  8Q) = = D,
2
D _ 1
AQz = EE D3
D1
aQg = 1+ D
9 kg 9
where kz,k3,...,k9 are the capital-output ratios for

the sectors.

Thus:

D N
BGNPyg5¢ =

([ o A @

AQD + e

1=2 1
where e 1s an error term representing the changes in
production in other sectors which have not becn expli-
citly considered in our classification. If one assumes
the damage caused to these sectors to be insignificant,
so that e tends to zero, then an estimate for the
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autonomous development of production in 1976 will be
given by:

*wd *nd
(6) GDP,g9¢ = GNP1976
In terms of GDP, using the actual value of the GDP1975
plus 5 per cent (the average growth rate for the pre-
*
disaster period) as an estimate for GDP1336 and the k's
and D's for each sector, we obtain an estimate for the

autonomous development of total output given by:

*wd _ D
GDP1976 = 1.05 GDP1975 AGDP1976
where
q q
D D
AGDP I Q. = £ k.D. =
1976 i=2 1 P22 171
1 1 1
= 759 ' 726 4 3eg 0 4.6 4 55y
9.15 + — 1 . 3,51 4+ _J 43 .13 +
1.06 5.75 *
1 _ o
* 508 551.43 = 111 millions of Q.
Thus:
GDPI§Se = 1.05(2,503) - 111 = 2,517 millions of Q.

As indicated earlier (in connection with equation 2

and 3) once this fall in production has been obtained

we can find the path for the autonomous development of
production as one parallel to the historical trend cal-
culated on the basis of 17 observations for 1959 to 1975,
This path is represented in figure 3, by the line HG.

In this figure, the autnomous development without disas-
ter (GDP ") starts from the 1975 GDP level as do all
alternative development paths.

In principle, the same procedurc could be used to con-
struct a path for the autonomous development of produc-
tion after the earthquake, i.e. the development that

would have occurred in the absence of disaster relief.
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Assume, to begin with, that all effects are captured
by expression (2'). Then, with our sectors and the
amount of the foreign disaster relief provided to each
sector affected, we may use expression 4 to obtain an
estimate for the level of production that the economy
might have had in 1976, as:

(77 one™4r - oN

1976 P1976

where ndr stands for no disaster relief and GNP, 4.,
for the actual value that total output had 1976.

That is, from the actual 1976 level of production, we
may subtract the gains in production that the foreign
disaster relief has provided to each sector. However,
the information about the disaster relief provided does
not correspond to the sectoral classification used here.
Therefore, we shall use the following less precise
appreoach.

Firstly, we ecstimate the aggregate capital-output ratio
of the whole economy as a weighted average of the k's
for all the sectors. Two alternative approaches may be

used here. In the first approach the weights used are

the shares of the production of the sectors in total
output. Then, with an aggrcgate k obtained in this way
and with the help of (2'), we obtain an estimate of the
gains (as defined) in production induced by the disas-
ter relief. That is, using the data on the percentual
share of the production of each sector in the GDP in
Guatemala (see table 8) and, the sectoral k's from
table 5, we obtain a value (or the aggregate k equal
to 3.11. Thus, disregarding depreciation we obtain the
estimates of the increase in total output f{or each
year t (t = 1975,...,1980) as
(8)  aGDPY = <l : A

’ 1=1976
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Table 8: Gross Domestic Product by Sector (1976-1977) at 1958

Prices (in thousands of Q)

1976 1977 Variation
Abs. Abs, Abs.

Concept value % value % value %
Gross Domestic Pro-
duct 2526 536.9 100.0 2.737.4%4.0 100.0 210.957.1 8.3
Agriculture 639 642.4 27.3 722.3816. 20,4 33.194.1 4.8
Mining 2 700.0 0.1 3 100. 0.1 400.0 14.8
Manufacturing 393 452.1  15.6 435 579. 15.9 42 127.1 10.7
Construction 76 304.6 3.0 §9 537. 3.5 13.235.0 17.3
Public Utilities 35 385.3 1.4 40.423, 1.5 5 037.7 14.2
Transport and Storage 164 944.1 6.5 183 495. 6.7 18 551.5 11.2
Commerce 704 054.7 27.9 762 756. 27.9 58 702.1 8.3
Banking, Insurance
and Finance 64 943.4 2.6 79 832. 2.9 14 849.3 22.9
Housing 112 146.3 4.4 121 316. 4.4 9 170.0 8.2
Public Administration
and Defense 132 423.0 5.2 136 656. 5.0 4 233.3 3.2
Persconal Services 154 521.0 6.0 161 980. 5.9 11 459.0 7.6

*
)Preliminary estimates

Source: Bank of Guatemala, 1977, p.

29.

Using the data on the annual provision of relief (see

table 15 in chapter 6}, we get:

AGDP

AGDP

AGDP

A
1976

A

1977

A
1978

3_.11_{ (20.9 +58.7)

o {(58.7)

= -3“—1-1— (17.9 + 79.6)

"

i

H

18.9 miilions (of
1970 US §)
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AA . 1 / ~ - - L] -
AGDP19'79 = T3 (14.6 +97.5) = 35.5 million
AGDPA*) = 1 21.5+112.1) = 42.9 g

1980 - 3077 . : .

Subtracting these changes from the actual values of
the GDP for 1976-80 (see column 1, Table 1) we get the

autonomous development of production:

GoPRaT = 2,887 - 18.9 = 2,668
GDPUST. = 2,897 - 25.5 = 2,871
GDPTST, = 3,042 - 31.3 = 3,010
GDPUST, = 5,186 - 35.5 = 3,150
GDP?ggU 3,297 - 42.9 = 3,254

These values are represented by line DC in figure 3.

In the sccond approach, we use another set of weights

for calculating the aggregate capital-output ratio.

The ratios relevant for the investments embodied in

the disaster relicf may, of course, differ a great deal
from the ratios relevant for ordinary investments 1in
the case of no disaster. As many investments of the
first type may eliminate serious bottlenecks resulting
from the disaster, the relevant k may be less than
that calculated according to the first approach. We
will return to that argument shortly. But first, it
must be pointed out that there arc reasons why the k

7‘)The value of A for 1980 is not covered by the information in
table 14, (chapter 6) and has been obtained by using the informa-
tion in table 11 chapter & (annual amount of loans utilized) and
the information on the agreements established between the NGOs

and the CRN for 1980 (Palomo, 1980, ibid). That is, US $6 million
of grants for reconstruction approximately, plus US $42,935 millien
of utilized loans for reconstruction during 1980. This gives

US $48,935 million in current prices or, after transformatiom to
1970 prices, U5 $21,520 million.
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could be much higher as well. Assuming that the volume
of disaster relief was allocated among sectors in pro-
portion to the sectoral distribution of the damages
from the disaster - our second approach - we would use
the weights given by table 7. As damages are mainly

in sector 9, for which the capital-output ratio is above
the average (see table 5} we would get an alternative
aggregate k almost equal to 6. This means that

the reductilons of output in (8) would be only half of
what we got from the first approach. Consequently, the
line DC in figure 3 would lie significantly higher up.
This may be taken as the minimum effect to be ascribed
to the disaster relief. But, we shall continue to use
as our main case the development along DC in this fi-

gure.

6. Estimating the Improvements in Economic Potential:
A First Indication of the Development Inducing Ef-
fects of Relief

With the help of the paths represented in figure 3 we
shall try to identify and estimate the economic impact
of the disaster relief to Guatemala for the period
1976-80. As already pointed out, this is done by taking
the same starting point for all alternative development
paths, ideally the "instant' prior to the occurrence

of the earthquake. As we have only annual data for total
output, this starting point will have to be the GDP for
1975, i.e., the last predisaster year. Thus, we have the
actual development (GDP), the actual development without

disaster relief (GDPndr) for 1975-80, the autonomcus de-

E3
nd) and the autonomous

velopment without disaster (GDP
development with disaster (GDP*Wd) where the last two
paths start from 1975 GDP level with a growth rate equal
to that of 1959-75. In addition, the level of the auto-
nomous development with disaster has been raised by about
one-third or US $35 million, the fall in production esti-

mated on page 148. This is done in order to take the in-
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creased level of investments that took place during the
1976-79 period into consideration. As already suggested
on page 135, the annual investment increase in construc-
tion (92 per cent of the US $82 million of total annual
increase) may, at most; have replaced one third of what
was damaged in 1976 if it had been used to replace what

was damaged in 1976.

With the help of figure 3 we can identify the following
factors of interest. Firstly, the total amount of the
gains in production from the occurrence of the earth-
quake up to December 31, 1980 will be represented by the
difference between GDP and GDP*Wd, i.e., by the area
ABGH. Secondly, as we have described the gains in pro-
duction induced by the foreign disaster relief so far,

they will be given by the difference between GDP and
ndr

GDP , i.e., by the area ABCD. Finally, the loss from

*
the disafter is given by the difference between GDP nd,
and 6P "%, i.e., by area IFGH.

As we can see from the figure, this means that part of
the total gains ABGH 1is left unexplained. This part
is represented by the shaded area DCGH. One possible
explanation would be that the development without dis-
astey has been underestimated, that there have been
other growth factors in the autonomous GDP development
that significantly deviate from the growth factors for
the 1959-1975 period. If so, perhaps all of the area
DCGH should be ascribed to the autonomous growth of the
Guatemalan economy. Here, we must point out that we
could not identify any such obvious factor. But we also
point out that other such factors might have been iden-
tified in a more disaggregated and detailed analysis of
Guatemala's growth for 1959-80 (see our discussion on
pp. 136-138).
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Another possible explanation is that the role of dis-
aster telief has been significantly underestimated by
the calculations using equation (8). This, in turn,

may be explained by the possibility that disaster re-
lief provided conditions favorable to growth that would
not have been attainable by Guatemala left on its own.
Disaster relief may have introduced new technology,

new decision processes, new capital equipment, other
regional allocations of capital formation, etc. that
would not have been introduced by Guatemala itself at
this time. Or, it may have been so that the disaster
relief eliminated bottlenecks in the Guatemalan econo-
my which it would not have been possible for Guatemala
to eliminate on its own, at least not at the same rate.
Thus the second possible explanation would mean that
the maximum effect of disaster relief would be equal

to the whole area ABGH.

It is more likely, perhaps, that the true explanation
is some combination of these two alternatives. This
means that, on the basis of this aggregate analysis,
we would have to be satisfied with identifying tne ef-
fects of disaster relief as at least ABCD and at
most ABGH.

Moreover, given that the minimum level for this effect
is calculated on an assumption about the rclevant ag-
gregate capital-output ratio and about disaster relief
as replacing only part of the real capital damaged by
the earthquake (see the discussion around equation (8)}),
we may interpret the area ABCD as the compensatory ef-
fect of disaster relief. Hence, we would end up with
the view that the development-inducing effecct of the
disaster relief for the period 1976-80 could be any-
thing from zero to the value represented by the area
DCGH. Given that we have failed to identify any inter-
nal growth factors that could explain the increase

in GDP levels from the predisaster to the post-dis-
aster perilods, we may even venture to state that we



have found a first indication of the existence of a
development inducing component among the effects of
the disaster relief provided to Guatemala.

To estimate the effects just mentioned for the 1976-80
period, we proceed as follows.

The total gains in output as illustrated by the ABGH
area are given by

1980 1980 rud
(9) ABGH = g Gop, - g GDP,
t=1976 t=1976
1980 5 .
= T G¢pp_ -{ £ GDP 1.05
t=1976 e t=1 1975
e *) ~ **)
£ N . 1
4 9 5 ¢ 4 t
-~ L r Q1.0+ 1 aI_ 1.057)
t=0 1i=2 t=0

= 15,109 - (14,520 - 615  + 414)

= 790 million.

Here, for simplicity, we have added the differences
without discounting to a present value for the period.
The brevity of the period provides the justification
for this simplification, which is used in the following
as well,

The total gains in production obtained from disaster re-
lief is at least that given by

*)Total production losses from what was damaged by the earthquake
excluding the effects of foreign disaster relief (calculated on
the basis of Q? indicated on p. 148).

**)Increases in production from the increases in gross fixed in-
vestments, assumed above mainly to have gone to repair what was
damaged by the earthquake.



157
1980 |
£ AGDPi = 18.9 + 25.5 + 31.3 + 35.5 + 42.9
t=1976

ABCD

154.1 million,

calculated on pp. 153-154.

The total gains from the disaster relief is at most
all of ABGH, i.c., US §790 million. This means that
the development inducing component of the effects of
disaster relief is at least zero and at most:

DCGH = ABGH - ABCD = 790 - 154 = 636 million.

So far the discussion has been limited to the 1976-80
period, as we only have data for that period. Although
the disaster relief continues beyond 1980, as we have
pointed out, the effects of the disaster relief will
eventually peter out. Moreover, moving ahead we would
have to take into account the effects of depreciation
of the addition to real capital that the disaster re-
lief has provided. Here, we shall abstain from any spe-
cific speculation about developments beyond 1980. Suf-
fice it to say that if the compensating effects of
disaster relief had ended in 1980, we would approach
either the GDP*WCI path or the GDPndr path as pos-
sible extremes. In the latter case, the growth beyond
1980 would be due to Guatemala's own growth capacity

or that of the remaining development-inducing effects
of the disaster rclief once provided to the country or
a combination of the two. However, to base our calcula-
tions of the disaster relief effects on the available
data only we will have to be satisfied with the effects
as already calculated for the period 1976 to 1980.

These computations leave us with a considerable degree
of uncertainty about the effects of the disaster relief
even for the period up to 1980. Thus it adds to the
need for complementary approaches to the estimation of
these effects as we have mentioned earlier in this chap-
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ter. An attempt to meet these needs through a more dis-
aggregate analysis is made in chapters 6 and 7.

7. Concluding Remarks

Analyzing the development of total aggregate output for
the period 1959-80 in Guatemala we found that the rate
of growth increased after the earthquake. From 5.1 per
cent on the average for the predisaster 1959-75 period
to about 5.7 per cent for the post-disaster years
1976-80. For the whole 1959-80 period (pre- and post-
disaster levels of production included) the average rate
of growth of production is around 5.3 per cent. This has
given us the idea that the production of the Guatemalan

economy improved after the 1976 earthquake.

The improved economic potential of the nation is in-
teresting in the light of the amount of damage caused
by the earthquake and its effects. Using the official
estimate of the physical capital damaged, about US §628
million (in 1970 prices), we calculate that during the
1976-80 period, in the absence of foreign disaster re-
lief, and given the historical conditions of production,
the production capacity of the economy would have had

to be reduced by about US $615 million. But, instead,

we find that the higher output levels achieved stand
for about US §7,204 million of gains in production.*)
Given that in our aggregate analysis it has not been
possible to identify any explicative factor for US $790
million of the increased economic potential during the
post-disaster period other than foreign disaster relief,
we have taken this figure to be the upper bound of the
total gains in production induced by the foreign disas-
ter relief. The lower bound has been estimated to be

*jihe US $790 million of gains in real output (area ABGH) plus the
us ?41% million increase in production from extra own investments
as lndicated in the preceding sectiom.
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about US $154 million. From this we calculate that the
development inducing component of foreign disaster
relief is at least zero and at most US $636 million.

This large variation points to a significant uncertain-
ty as to the accuracy of the methods used here. Under-
lying such a lack of precision we may point out the
following factors:

1) It is most likely that the official estimates of
the physical damage (D) is excessive due to a signifi-
cant underestimation of the degree of capital deprecia-
tion. (As indicated in Chapter 2, these estimates are
based on replacement costs only.) Consideration to this
factor will surely rveduce the difference between the
actual development (GDP) and the autonomous development
with disaster (GDP*Wd).

2) Our estimate of the foreign disaster relief given
(A) may be an underestimate. For example, in many cases
the money value for services by foreign technicians en-
gaged in planning, management training and the transmis-
sion of know-how has not been avallable and hence, has
not been included in these estimates. Taking this into
account would raise the value of what we have taken to

be the lowest bound of the gains in production from the

disaster relief.

3) Data are available for a too short period to per-
mit any precise conclusion about the different aspects
treated. Owing to this our analysis could, even if it
has not provided any interesting numerical result, be
seen as an attempt to provide a method with which ap-
propriate data and a sufficiently long period of ana-
lysis would provide more precise information.

4) Such a short period as five years (1976-80) can
very easily be dominated by temporary changes that are
likely to diminish the degree of certainty as to the
gains in real output that underlie what we have taken
to be the upper bound of the development component.



