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I

. .INTRODUCTION

. - ~'l‘hie thesis creates: ar'macro-economic model of Kenya. 'It makeés
three speeific contributions to the literature on low-income coun~
tries. A model 1) of Kenya which allows for, and analyzes the
A—.‘extent and nature of structural change; (2) of a 1ow—incone country
‘which utilized instrumental estimetes, thus uot assuming zero error
term, correlations between equitions; and (3) that assists in the .
analysis of the Kenya Second Economic Development Plan.
Over the paet decade economists have become more knowledgable ‘

. concerning statistica.l and mathematical tools, and their limif:s.
_While often these tools are incorrectly utilized or the results
improperly interpreted they can provide much useful information.
They can assist in rational decision .making s0 that desir,ed objec-
tives are more fully achie\.red. Here, some of these tools are used
“"to analyze the Second Five Year ‘Plan. Such a model could have
assisted the_ plgnners in making more accurate decisions conceming .
" the direction of tlie economj; and'developing problems. It further . -
demonstrates the impact of some of the policy options open to the

government. It ‘must be rather cautious in this area since there ,

are always policy implementation problems. The tools of value

here are available on the micro-economic level, some being roughly

.comparable to those here utilized. -

.

By utilizing some of the tools of economics a better compre- -

hension of .their limits » and their potential value can be achieved.
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There hss——been&extensive discussions in the economic develop-

. Lo
ment, 1iterature concerning the measurement and/or need” for structural

change in’ order for devaloped .to be acceleratéd. The question of

whether change is gofd or needed is not addressed here. The concerh

is rather in measuring the form of the change, and its extent. In

order for the discussions on the need for change to’ have,_analytica_l -
content there must be some agreement o'n what is meant by structural
change, and some of the impklications of such change. By addressing
this question and providing answers for ome country: that h,as under—
gone some struc_t_ural change, albeit non—m_ajor, a base for _comparison .

is established. A comparison of the. results presented here, wlth

those derived for other comtries, can yleld a better understanding

-of the impact and necessity of such changes. The issue of struc-

tur,sl change is of considerable importange in many low—income
countries. }bre extensive-and accurate information should help
in the making of correct decisions 7
After the model is specified sen“sitivi;:y‘tests are performed

to determine key ,relstionships and analyze the impact on parameter
magnitude changes on forecasts. Thus the problems of misspecifica—
_tion can be avoided, or at least comprehended before the model 1s
utilized for development glan analysis. By sensitivity analysis
and an ‘analysis- of the assumptions of the Development Plan the
possible problem of misspécification ‘can be limited as well as
the impact of cha.nging structural relationships.

A It is demonstrated that using information that was available

-to the p\;,snning agepcy at the time of the writing of the Plan that
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. a forecast of the Kenya economy for 19'7{4 would have been more

w

accurate (in light of data received covering through 1971) had
the model been utilized. This is an admittedly limited forecast,

~with only the major variables considered. These are still crucial

= o

elements;, “from the estimate of their values many othér values in

“the Plan were derived. = - -

’

It is umfortunate that so many planners, officlals, and

+ eitizens h;ve a fear of the tools of the stétistician, mathemati-
* . L

cian of econometrician., The tools can be used to assist rational -
3 - o T . TR

.dé{:is'ibn making. This thesis is a movement along the path to

demonstrating th.e“v‘al-ué of ‘these tools.
w» . - -

e



studies wiIl be analyzed. By combining the econometric problems

i

I
ECONOMETRIC MODELLING IN KENYA

While econometric modelling is not of exceptionallf.recent

vintage, its’application to Kenya is. There have been four attempts
N - o . . S

'to construct such a model, one of which was essentially'an update

of an earlier attempt. _ ) S .. “

-

In this chapter only. the statistical”problems of these other . -
of these studies, presented here, with the specification errors
they made, presented in Chapter IV, the reasons for the improved
forecasting ability of this model are .made comprehensible.

~

The first magor attempt at modelling in Kenya was made by P

Clark with later refinements by H. Kirani.1 Rather than call

their attempt an econometric model, it would be more appropriate :
to call it an arithmetic model. That is, they assume there is a
relationship between two- variables. There is no testing to see/
to what extent the relationship does exist. They take the average
value of each. variable and ‘then assign a parameter that would
bring.about equality. Unless a constant term is somehow deter~

- &
mined, this method assunes that the average value (i.e., average
pronensity to consume) equals the marginal value (marginal propemsity

to consume)., In some cases this might be correct, however, using > N

time series data in a‘growth oriented low~inc%ge country, this

likelihood is greatly diminished. There is some prediction of

variables from engineering studies and further estimation based on




"in their report.

plan predictions as to import substitution, ete. This method

places an exceptionally high premium on the modelers' knowledge
df the economy.

Unless one or more of the coefficients are assumed, their |
method can not allow effectively more .than one independent variable‘

with each dependent variable. This is not meant to completely

disparage their wozrk. As an early attempt in the field and as a

v

means to keep computational problems to a minimum, it enhanced

the understanding of the researchers and provided some additional (o
information on the operation of the economy.‘ In fact, given Clark
and Kirani's extensive knowledge of Kenya, the variables that they'

proposed shall serve as a’ guide in this thesis' attempts to for-

~

" mulate a more statistically accurate model. ‘ ey

. A more statistically accurate model was created by Faaland
and Dahl for the UNCTAD. 2 They show some.awareness of the limits - .
of modelling, although, there are a number of statistical errors
Mol [W)e have assumed that the basic structures
in our model have not changed over the period 1956 1965 for which
we haver our® data."3 They could have improved their results if they
had attempted to prove this assertion rather than just state it.

A statistical test for structural change, albeit narrowly defined,

- is possihle given the data they had available. With their use

of ordinary least squares, the relatively. simple Chou test could
have been used.4
A more important error is their use of ordinary least squares

when working with multi-equation models. If the error terms of

A

s




the various equatione are correlated, then this method leads to a
statistical bias. The reeearchergshould use some other form of
estimation procese to-gprrect for' this error, unless the assumption
is made, and somehow supported, that either the error terms are

not correlated or the effect of this correlation is not statistically
important;5 . Since the majorbproblen of low-income country modelling -
is specification and efficiency, and not error term correlatiom, ”
. —

these comments do not negate the value of that which they have- done.6
They'did correctly ehow ‘developing inflation pressures, but did not
.catch the lmprovement in the ‘balance of trade.’ - .
Often the researcher needs, not the impact of the change in

the value of a variable, _but the, elasticity. In an equatioﬁhsuch
‘7as Y =at bX, if X/Y remains conStant then the elasticity will
‘remain cohstant:' Faaland and Dahl compute elasticity by redoing B,
the equation in log.form. While it is true that the coefficient
“on the logged variable is an elasticity, this is not the same
.elasticity as would be achieved with the unlogged formilation.

They state ’ ' ‘ .

T = 0.206(GDP) — 14.986

in T = 1.328(1n GDP) - 3.740 .

"It is ... interesting to note that the total tax income appears
to be quite elastic with regard to changes in GDP, *viz 1.33."7

" This is true using the second equation above. If the first

»

formulation was used with data, then in 1965 the true income

elasticity of taxation was 1.40. Their method of computing the




_elasticity hides‘a very interesting result which-their‘original
equation was telling. them, i.e., tax collections were becoming

" less elastic ﬁithﬂrespect to" gross domeetic'product. For predicy
tive purposes this -can be significant.

In theirAwork they state: "The statigtical fits are good —-—
although the D.W. [Durbin-Watson] statistic is not very good for
the linear regression for [government consumption] n8 They were
referring to an equation where the Durban—Watson was 1. 87 . This

‘value‘Is clearly‘withinwthe area that allows us to rejecththe o
hypothesis of serial correlation. Compared to their other results,
with higher Durbin-Watsons, this result is the worst only if we
are testing for. positive serial correlation. Their statement that
"Generally the higher the valde of the D.W. statistic the stronger
is the indication that the errors are not correlated” is false if
the hypothesis of negative serial correlation is to be tested.10
For the figures in the table referenced -there oas not any negative
serial correlationr In their study the; accept a number'of equa-
tions as having no serial correlation when they do shoy negative
serialycorrelption.11 Erenvwhen‘they found positive serial correla-
tion they did not do anything about it, such as generalized differ—
ences, or even first differences.

DePrince's model12 1s better formulated, reasoped and presented
than the nreceeding. Greater attention is paid to statistical pro-

blems. However, the present study improves on the statistical tools

utilized. He decided to use ordinary least squares while acknow-

ledging the superiority of other techniques. His rationale was




the .short period which he was analyzing.
Methods especially adapted for estimating the

parameters of [simultaneous] equations will not
become an issue until (a) “a larger number of

observations become available and (b) there is

reasonably good specification.l3
bata'covering a longer time period is currently available, making
itppossible to test and amalyze the adequacy of the specification.
Thus, while his argument made sense-at the time he urote, there )
is far less reason for not using two-stage least’ squares’ today.

Since he never mgde reference to the Durbin-Watson statistic .
or presented their values, the extent to which he found or respondeo'
to serial correlation is unknown He seldom presented the various
‘equation formulations that were possible nor tge rationale for
choosiug one‘apecificVformulation. Lastly, he cid not analyze
specific' data problems, indicate his sources, or explain how

“data definition changes were handled.

This work attempts to improve upon the methodology of these

"earlier studies, to correct - ‘some of the statistical errors made,

A

to provide the reader with more information concerning the equations,’
and‘to tsst the.entire model before using it to analyze the.
Development Plan. Its most significant differences are (1) improved
statistical technique, (2) the“analpsie of structural change, and

(3) model testing.
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III

STATISTICAL METHODOLOGY

o . SR : . .
One major probagm related to the use of~1east“squares in
regression analysis concerns the problem of identification.
, This was discussed by D.’ Suits. h_ R “

A ... serious problem lies in the fact that,

. ‘over the same period, the entire ... economy
P - was characterized by a rapid and well sus-

" talned rate of growth. The resiult is inter~
correlation among the various time seriles

"that is even more severe than is usually the .
case. Indeed, the problém is so serious

in some instances that statistical formulations
based on widely different theoretical explana- -
tions of behavior differ insignificantly in
their results. 1

-

In development studies this brings up two basic problems. The,

-

‘first concerns specifications. In a development program one of
the important questions concerns how the various sectors are

_affected by proposed policy changes. Thus, correct specification |
" becomes exceptionally»important. The other_prohlem concernsrthe

statistical technique to be used. Since 50 ,many of the yariables

- -are highly correlated with each others, due to their growth

. orienfatioﬂi one possible solution is té6 walt for more information.
However, while more data will almost always allow for a better

4 .
-specified model, this is not a solution which will allow the useful

«
information that is possible from regression analysis to be used

" now. dthersfsnggest’the use of first differences, consciously
-leading or lagging variables, etc. If such leading/lagging is
'q justified theoretically then there is no complaint against it.

T 4



However, it then should have been used in the first'ﬁlace. It is
» . .
wiser to be sure initially of correct %pecification and of the ) 5
possible theoretical implications of a specific formoietiod: While
this does not rule out the possibility ‘of a different interprete-
‘tion of the equation, it does mean, if the'coefficients are justi-

fiable, that the chance of”impropér specification is lessened.

If when two independent variables are,combined, one of the terms
Y

’ changes its sign, then we must make every effort to explein why
‘this -occurred. If'no.plaueible explanation is possible of Why,,

the shift oéturred, then the Soits argument can be brought im.

In simultaneous equation models, such as the proposed one,

there is a problem of correlation. of the error term and the

54
Thé disturbance term and the explanatory
variable in the consumption equation are
ves correlated and ... the direct applica-

tion of least squares .,. will not yield
unbiased estimates e

independent»ﬁeriable.

Some models3 are created with the use of ordiuary least squares

after ‘the- reséarcher makes the assumption that the preceeding problem ’

is not severe: Others say.

Least squares methods were used to estimate.
the equations since past experience with

such models has indicated that the additional"
improvement due to using less biased statis-
tical techniques is less than the extra
computational burden.
In fact, the method of instrumental variables involves relatively
little‘computetional burden and if the instrumental variables are

carefully chosen, the method yields unblased, consistent and

,
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statistically testable results for relatively small samples. The

statistical burden is lessened due to computer problems that allow

., easy specification oﬁ the instiruments and,technique; for_almost_
all of the statistical work the Bank of Cana&a;s‘Massager 70 program
was used. )

~Since the process of choosing‘tﬁe instruments is of vital
importance, we followed the euggestions of Wonnacott anth'onnacott.5
These suggestions go furtne£ than needed but do pfovide.an eJQi—
tional margin of security. '

In any low-income country there is a problem of data accuracy.

é‘%gg This problem is explored in greater detail later. Here we are
%

agssuming that the mogt recent data is the most accurate, and that
fthere.are greater errors in the olderyvariable observations. We
.solve this problem in the manner suggested by Wonnacott and Wonnacott.,

The underlying philosophy [of weighted
least squares] is simple enough. A greater
error occurs in [some of] the observations
++« thus these observations give a less
- - precise indication of where the true
regression line lies. Therefore, it is
reasonable to pay less attention to them
than to the more precise observations....
WLS provides .a means of £itting'a line by.
deflating the influence of the less precise &
observations.

Given this function'for the welghting scheme, it most have *
certain cha;acteristics. Since Kenyan independence, all the .-
weights must indicate an increase in accuracy and consistency,
with the rate of change of the changing accuracy decreasing. This'
is reflected in the change to U.N. definitions of the gtatistics, .

g%; " thus improving the comsistency. With that change completed, it
‘ B ) .

4

. - e
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~is hard to continue to improve further (i.e.; after achieving

¥

the correct definition of the variable, there is little further

“that can-be qg§e on that count)s - Since data'colleccioa techniques

oot

are still improving, we would like to have some improvement
reflected in't?e‘coming.years as the statigtical office learns
more of the interrelationships and the methodology of data ‘
collection. Learning behaiior combined with the inecreasing
budgec‘aad persomel maﬁes a third order Weigﬁcing scheme jus-
tified. - This would indicate that the“Iﬁitial changes in office
size and budget were not significant with respect to accuracy,
but were significant wich respect to learning about data collec~ (
tion, its meaningxand methodology. In the midale years the
changes were”greatEr as they furthexllearned their skill and
could apply it. The changes in accuracy began to lessen (the
second derivative tuined negative) as the office began to near maﬁi—.
mum possible efficiencyVasympotically. Thus, both early and late -
in the sample period the changes in accuracy are minor, but positive,
leading to greater accuracy in the 1atter period. ’
The graph on the next- page provides the welghts as derived
from the.following formula:
Y = -0.00148(x%) + 0.015387(%) + 0.64500
T A prime iimitaiion of a model for a low—income.country con~

cerns the very nature of the development effort. Most development

_Plans indicate that there is a lack of satisfaction with the present

‘state of the economy, at least on the.part of some of the influen—

tial members of the society. Development becomes a process whereby

=3




"+ elther be’ changing their value,-or that the entire equation will

be tested,

14

-

. the existing institutions, stimuli, reactive proéesses and sig-

nailing devices are changed. This is the meaning;of structural

-...change to Chenery and prinson;7 The assumption is that during
the development process some values, such as the marginal efficiency

of capital, the marginal propensity to save, the value of the

mgrginél product of labor all must change, as will the redistribu-

tion of labor from agriculture to industry. In terms of an

- S .
" econometric model this means that some of the coefficients must

A
no longer hold, i.e., the dependent variable is now reacting to

o an entiiely-diffefent set of independent variables. As more data

becomes available, this tihefconsistéﬁcy of the coefficients qah

“

2~ . .
Using: the sample period, a test for whether or not -there has

been a structural change in coefficient value;can be made by
followiné the method éxplained by Johnston.8 The simpler Qhou
test is.not possible dué to the use of instrumeﬁtal e;timates.

The technique discussed by Johnstén inv;1§es using dummy variables
that have a value of”zérb'Béﬁorevthe time.of the. presumed struc-
tural change and a value of one after it.‘ Thus, in a simpie éase:

Y = al + blx

X
To test>for structural change, the form alters to:

Y = a, + a2D + blx + bZXD.
where D is the colwm vector as already explained:. A t-test is

constructed to see whether a, and/or b2 are statistically different

5 \ :
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conclusion is that this method did mot show any structural change.

16

4

from zero. If they are, then the a's or b's are combihed to form

the value for the structurally changed coefficient. If only one

_,wis_SiSPificﬁnflinh?ngeds say by, then the equatioﬁ is rerun

thusly:

Y=a +bX+bX -

If neithér éz nor b2 are sfatistiéélly significant, then utiliza-
tion of the origiﬁal equation must be.made. The hypothesis that

- “

there has not been structural change is not proven. Our dnly.

Iif the Durbin-Watson statistic was such that the hypothesis

of no positive or negative serial coriela;ion could not be accep-=

) ﬁed, then the technique of geﬁeralized differences ;ollowing the .

method outlined by Cochrane and Orcutt was utilized.’

Problems df‘multi—collipearity are bound to arige in models

of low-income countries. ! .
Measures of independence within [the L
independent variables] ... beginning
with the approximate Chi square trans-
formation for the matrix of correlation
coefficients over the entire set ...

[will] quickly alert-ome ... t6 the

r existence of gubstantial multi-

collinearity.10 :

Those variables that are stable in their interrelationships can

be spotted by high partial tij's associated with high r The

L
13 s,
method of correction depends on the imporﬁance of the multi-
collinear variables to the model. One of the variables can be
dropped, further information sought, exogenous coefficient

estimation from other sources performed, or'pergonal knowledge



s

wa

__of the problem can be applied direetly to tharequatiom, -

17 S~

In summation, the methodology is one of weighted instrumental
estimates, using co#a:iance analysis to analyze'sfructuréi change,
generalized differences to correct for serial correlation and

Chi-squares_te<theck for mhlti—coliinearity.

~

R
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«Ibid.; ‘page 133.
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THE MODEL -

7 in.this éhapter the model before adjustments due to struc-
tural change is presented. Some of the alternative formulations

of each equation aréig;ggéntéd inbAppéndixiA.

1. log (Ql/Ll) = -0.128 + 0.015(We) + 1.015 (log le/Ll]) '
2. log @) = 810+ 0.897 (log [K,1) + 0.654 (log [L;1)
3. coms = 'i'3.9.§ +7>0.623(DY)7 + 0.560(8D)
4. Tag = -3.981 + 0;155(ci) .
5. Inag . = .1'.520 + ‘0.775(x23) -+‘ 0..721(6105
6 o« . ='—14.649 + 0.252(YPL) + 0.033(DPOP)
7. eI = 21.514 - 0.259 (¥PL) . 1.384(T) ¢
8. ~ ‘ = -31.863 + 0.051(NI). + 173.439 (RGL)
9. TIM . . =—4.735 + 0.047(cDP)
10. ™ML = 0.542 + 0.1520M1) + 5.381(RG)
1. m2 = -3.810 + 0.634(%2)
| 12, 0 s » = ~4.453 + 0.207(MW3)
13. 'XM = GDP + TI - -Cons -~ Iag - Inag - GC - GI

T~GC-@6I

—

&

o
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S
total deposits in commercial banks

domestic production of agricultural products less non~
East African exports of agricultural products

Cons = private consumption

D = government deficit

DPOP = change in total Kenya population

%g =

GDP =

GC =

o

Iag =

Inag = non—agricultﬁral private investment

gorss domestic product less direct taxes-
grossvdomestic product, factor prices
government consumption

government investment

agricultural investment . - "

Kl = agrigultural,capital stock _

K2 =‘non-agricultura1 capifal stock

L1 = agricultural labor force ¢
;2 = non-agricultural labor force

MWl = non—East African imﬁorts~of'SITC\041 ;oﬁmodities
MW2 = non-East African imports of SITC 2-4 commodities

=
—
[

Q2=

8
]

- RGL =

»

non-East African imports of SITC 5-8 commodities

gross domestic product less capital consumption allowance

= agricultural output. (includes non-monetary output)

non-agricultural output
total government spending divided by gross, domestic product

total government spending divided by gross domestic
product, lagged one year

iining
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T = total tax collections

. TD = total government direct Eaxes (includes export and personal
. taxes) ) .
‘ TI =7to;ai indirect taées
fIM = non-import indirect tax collections (includes import
tariff on SITC 9 commodities)’ .
.. TML = import tariff collections on SITC 0-1 commbaitieé
TM2 = import tariff collections on SITC 274 commodities
M3 = import tarié% collections on SITC 5;8 commddiﬁigs _
We = dummy vafiéble, weather conditions ' -
XM = export sﬁrplus, gross domestic product account o
YP = privatesectqrincome

N

YPL = pri&ate sector intomé; 1agéed one yeaE‘”

Equaéiéﬁé 2, 4,Vand 5 are reported in their tr;ésformed ver—
sions aftef pérforming genéralized differences. The Durbin-Watson's
for these equations prior to generalized differences were 0.829,
0.783 and 1.182. .By the Henshgw proced?fel all weré clearly in the
range where the hypothesiS‘o£ non—autoqprrelation must be rejected
in'favor of the posigiyev?upocor;elation hypothesis. After genera;
lized differences the respective Durbin-Watson's were: 2.492, 1.673
and 1.776. All are sufficiently close to 2.000 so that the hypo- !
thesis of non-autocorrelation Ean not be Fejected.

In.the first two equations the relatively standatd Cobb-Douglas
production function is used. This form has been used sucéessfully
-in a number of different countries. There are many complaints

against it. Some have found that it will provide statistically

sound results with almost any form of data, even nonsense data.3
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4
Others disagree with some of its basic assumptions.4 Still others

make the point that the Cobb~Douglas emphasizes that while an

_dmportant source of growth is -the increase inrthe~éé§ital stock,
- ;‘9 - ’ ’
a possibly more potent source of growth is the improved utilization’

; ”of existing ing capital stock that is ‘not" increasing the value of the

variable, but changing thé value of the .coefficient on that variable.,

Although it has worked well in most appli-
cations, the igsue is not yet settled.
-whether the Cobb-Douglas function, which
has a wnitary elasticity of substitution
between- factors, is a satisfactory represen-
tation of the aggregate production function,™
A variety of studies using both cross-
sectional and time serles data have tried
to measure the elasticity of substitution
between labor and capital, with confysing
results. Cross-sectional studies typically
measure this elasticity at about one or
higher, whereas time-series studies find it
to be less than 0.5. Moreover, the results

vary erratically with fuinor changes in the-
data and in the specification of the
- estimating equations. Research aimed at
clearing up these problems is still
proceeding actively.6
- If the traditional- form of ;he Cobb—Dougias is used in the agricul-
tural production fﬁnction (Equation A5 in Appendix A) then in 1969
the ela%;icityjof éubsfifutioﬁ was 0.378. For equation 2 the
elasticity 6f substitution was 0.923. Thus, at least for the
agricultural production function, the results support those dis—
cussed above.
One major element that will effect agricultural output is
: <

the weather. In order to measure this, a dummy variable was

constructed which had a value of minus one if there was particularly

bad crop weather for that year, zero if there was average weather
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and plus one if the weather- was particularly good. Rainfall and

average temperature figures as reported by the Nakuru station

'were used. This variable had a positive coefficient that was

signiflcantly different from zero. The effect of the weather on

"'the”output is undoubtedly higher'than the coefficient indicates.

However, there is a problem in that the measurement of weather
?
ix
conditions variable is tco crude to allow for a sufficient range

in values and, accordingly greater differentiation in conditions.

In equation l the marginal productivity of capital equaled

t. 015(Q1/K ) and the elasticity of agricultural production with
v
respect to agricultural capltal ‘stock is 1. 015', So long as the

¥ . .
assumption of constant returns to scale is not violated this .
constant elasticity will hold. If the marginal productivity of
agricultural capital from 1950 to 1969 is computed, then over

the entire time period the M.P.K. has increased slightly (0.719

to\ﬁ‘?Ml). As expected, just after the Lancaster House Conference |

"the MPKl decreased substantially, but then,recovered.~ There

was another significant decrease just after independence, with
again a fquick recovery in the figures. These results would indi—
cate the fears felt by the EuroPeans concerning the impact of
independence on their role in the economy were not realized. The
MPK, quickly returned to its "normal" level.

For equation. 2 the marginal productivity of capital in non-

agricultural production is 0.897(Q,/K,) and the elasticity is
2772

/
'0.897. ‘As with agricultural production, there has been a slight

increase over the time period covered in the value of the MPK




(from 0, 424 to>0.446), with a decrease in 1667 and steady increases

since then. With respect to the effect of the Lancaster House .

vConference, the MPK, dropped for the next two years (from 0,377

to O. 373 to 0.364) before increasing again. The effect of actual

r-independence»was to stopfthiéiincrease; but,nothto result in a

decrease, i.e., the MPK2 remained at 0.406. From this it is
possible to tentatively conclude that the fears of independence
were more prevalent among t;rmers.than~nonffarmers; This could.be
due to the feer that‘independence meant land reform.

The negative exponent on the labor variable in agricultural

production. is a partial proof of the thesis of disguised unempldyment

of labor in agriculture. Due to. the extreme aggregative quality

:of the data andrits formulation there is no definitive conclusion

that can be drawn, howene;.
Combining the MPK's and the MPL's, we find that it would
increase output to switch capitsl to agricuiture and workers to
industry. This is‘based on benevior using oast data, but does not
mean that investments that could be made now would achieve the )

same results indicated by our coefficients ' )

CONSUMPTION
Faaland and Dahl regress private consumption againstvgross
domestic product measured at market prices. In a footnote they
state
We have also run a regression between con-
sumption and disposable income. Although

this may be a more plausible relationship on
a priori grounds, the indicators. of statistical
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~ sigmificance of the correlations are
about equal. For reasons of convenience

we shall therefore only make use of the
structural relations in which GDP rather
_ than disposable income -enters as explana--
tory variable.
This rationale appears weak. If something makes more theore—

7 tical sense and, based on their knowledge of Kenya, is more
_plausible, and the statistical results'are as good, it appears
that there is a good case,for the use pf the disposable income.
They do not providé the regression resuIts. - T
) DePrince8 included private with public consumption and ran’
it against gross domestic product without subsistence imputations.
His derived marginal propensity to consume was l~0190.\ Not liking
" this result he included a d:mmy variable to indicate the change
from colonial to independent status causing the MPC out of non-
subgsistence gross domestic product to drop to 0.9293.< He did not
7_ show that‘the change in the’value was statistically‘signifidantu
Furthermore, although he stated that it woquld be better to use
Hisposable income he failed to explain why he did not 'use it.

The results in equation 3 combine the impact on  consumption
expenditures of income changes and liquid asset holdings (bank
»deposits). The latter was included in the formulation fotr its
impact on a major portion of consumption, and the possible struc-
‘tural change in this coefficient due to either the Lancaster
House Conference or the full granting of independence. The
elasticity with respect to bank deposits was in 1969 0.179. 1In

1950 the figures ﬂég 0.199. However, the drop had not been steady.
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In-1960 the elasticity was 0.140. The BD/Conms ratio dropped

very precipitously in the years JuSt prior to 1960, probably due

A“to the outflow of capital with the fear of the- coming independence.

* have returned and the people holding large accounts have found

Since independence, the ratio has been rising as investments

that there is less reason. to fear the actions of the Kenyatta

government than was originally expected.
b} .

AGRTCULTURAL INVESTMENT

The United Nations -assumes that foreign exchange generated -

,exports are a prime constraint on development.

‘If their terms of trade could be improved

by ten per cent ... [and] underdeveloped
countries were also enabled to improve their-
presert share of total world trade ... the
foreign exchange requirements for accelerated
rate of growth would be covered....

Faaland and Dah1l? uge simply gross domestic product and

assume a linear relationship. Adelman and Kim.ll assume agricul-"

’ tural investment depends upon the change in value added in

agriculture lagged two years and government real investment expen-
ditures. Xamashitalz uses gross domestic product and the net
inflow of foreign capital. FukuchiI? uses imports of investment

goods, imports of raw materials .and foreign currency holdings.

' These models have had many problems achieving good data fits.

One problem is calculating the exact way that these deter-
minates effect agricultural investment, i.e., the extent or the
existence of lags. The prbblem is’ compounded since, no matter o

what aggregative measure is used, crops which are marketed early

%

e
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in the yean are combined with some marketed late in the year.

JIn this study variables that would reflect either the supply

-of funds for investment or the demand for theboutput were sought.

Most of the variables reflect both of these factots to some
extent.  Of the variables tried, eonsumption of agricultural
products (domestically produced) and exports of agricultural
products yielded the best results. Due to a very high multi-

collinearity, they could not operate together in an equation with-

- out both coefficients becoming elther insignificant or difficult

to explain (see equations D6 and D3 respectively in Appendix AO

% .

53

Consumption of domestically produced agricultural products was

used since it tended to be stabler over time and yielded better
predictions of the latter years that were internai to the data.
The_equation had definite serial correlation whieh we subsequently
purged in order to get equation 4. The explanation for serial
correlation could be the effect of other variables on agricultural
investment. If agricultural investment were overestimated one year
due to the effect of these other values‘feing higher'than expected,

then there is a good chance that this parameter will continue'to

have an impact the following year with its impact gradually receding.

NON~AGRICULTURAL INVESTMENT

Aside. from the formulations that were mentioned in the

N preceeding.section, there were some additional formulations

Aattempted here. ECAFE14 broke this portion of investment into

two sections. The first dealt with investment in mining and the
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second vith manufacturing. For mining they used lagged foreign
exchange reserves and the change'in output in mining unlagged.
For manufacturing they used therlevel of governmentfinvestment
and the level of. investment in mining. Here they are assuming a
pareial accelerator model for mining. For manufacturing, they
assume that the government creates the profitable opportunities
that uill get the private sector to make matching type investments.
: If the government invests fn new plants-and equipment this will
call forth from the private sector investments in those
industries that service ‘the building trades. The formulations

" that they use are very demand oriented rather than assuming
supply constraints, such as foreign exchange.  Thbrbecke and Con-
- dos preferred an-investment function that included lagéed»exports
A and a variable.that measured the price terms of trade, a supply
constraint oriented model.15 ‘Lagged exports will give an idea

as to the availability of foreign exchange with the assumption
beiug that most of the investments need to be imported. Their
terms-of~trade term will assistvin analyzing " the problems that
could develop if import _prices are increasing faster than the
increase in exports. ‘

Adelman and Kim!® comhined the approaches mentioned already
hy”including lagged value added in mining and manufacturing'(lagged
two years) with the sum of the supply of money, time deposits
and .government non-consumption expenditures. The last set of

terms was used to indicate the availability of funds for investment.

The capital stock was included to round out their accelerator model.

2y
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Faaland and ‘Dahi did not estimate via regression analysis an

investment function, rather, they assumed a relationship. DePrincel'7

used a flexible capital stock adjustment function‘where

’ *
Inag = g(KtiKt-l)

%
Here Kt‘is the desired level of the capital stock and is assumed
to bear some relationship'to actual GDP. The results achieved here
with this mndel were not’ statistically significant, nor theoreti-

- cally Justifiable. DePrince does not report the t—values in this -
o

case-as he does for other equations. The reason could very well be

that the results would show that there is too great a variance in

the coefficients. .
Clatk18'dea1t_with an acceleretor model usinévnrhan income
(gross domestic product originating in government, menufacturing
services and tramsport).
Of these possible formulations the only one that worked well
.in the case of Ken&a with the data available was the one suggested
by the ECAFE. Here we “assume that thereiis a conStralnt that 1is
ﬁmposed by the availability of foreign.exchange and futther that
there is a demend generated by government investment on private
non—agriculturel investment.
The existence of positive serial correlation can be explained
much the same as in the last section; i.e., there are other
variables that effect non-agricultural investment, and if they

were unusually important one year, some of the impact carried

over to the following year(s).
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PUBLIC CONSUMPTION

These expenditures, vhile formally classified as consumption

.expenditures, do have an important investment companent. They are

important investments in human capital and should lead to an improved

2

utilization of existing capitél,» The Kenya government's definition

of investment expenditures were “used and then subtracted from the
total government contribution to gross domestic produet to arrive
at.government non—investment (consumption) expenditures.

Most- of the studies of low—income countries do not. separate
government expenditures into two categories. 'They treat total
government contribution to GDP as ome" category and try to
estimate it... Yamashita did just this.19 He felt that the deter~
minates of gdvernment expenditures were (l) gross domestic
product, (2)'1ast year's government expenditures and (3) total
population, the rationale being that there is a growth rate in
government spending thatAthe lagged figure would capture. A4s
the economy expands; there will be a need for government expen-
ditures to expand regardless of whether there is any population
growth or. change in the past growth rate of government spending.

A Fukuch120 separates government spending into non-military

current expenditure ‘and military expenditure. The latter he

treats as exogenous and the former as being determined by last

year's revenue. He disaggregates non-military current expenditure

into consumption and investment portions. Government investment

-expenditures are an exogenous variable depending on non-controllable

. items such as the recelpts of foreign loans and grants.

5%‘



-For Thorbecke and Condos21 government consumption expenditures

depend on the level of tax receipts that year. They argue that the

government is able to keep reasonable track of its_?eceipts and

can adjust expenditures accordingly. An alternative hypothesis would

be that the budget is promulgated after the goverament has attempted

to match expenditures with receipts.
Adelman and Kim22 look at the problem in much the - same way as
Thorbecke and Condos. This author was- surprised to find that in

their study the coefficient of‘the'tax term was only 0.285, thus
indicating a very lowieiasticity."This is contrary to expectations
thaf it will be very close to qhity. They do not explain their

result. One possible explanation could be that éxpeﬁditures by

‘the government are fixed in amount and thﬁs respond only slightly

“to changes in.the ability to provide more.

For East Africa the results are less encouraging. DePrince23
treats goVernment‘consumptionpexpenditures as exogenous. Faaland
and Dahl24 trea£ it as determined by unlagged tax collections.
They end‘ﬁp with an elasticit& of just slighély over oﬁé. This

would indicéte:that there is pressure on the government to expand

-

its provision of goods and services. Clark25 treats all government
speﬁdiﬂg aé.exogenous.

Using some of the oéher formulations of this equation (reported
in Appendix A) we find that in 1950 the tax elasticity was 1.285;

A , ‘
In 1960 it had dropped to 0.917, by 1965 it was 0.967, in 1966 it
was 1,068, then 1.024 and finally 1.015. If this continves, it

would indicate that more of the increasing tax funds will be

-
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diverted to government investment expenditures,

There has been a steady decline in the income elasticity from

a high of 2;744 in 1950 to 1.532 in 1960 and presently a 1.229. -

Eleven low-income countries had a higher.elasticity and thirteen

a lower income elasticity than Kenya.?'6 Kenya's present income

elasticity is lower than the resulfs'for any of the African coun-
triee reported. Even if the elasticity is computed for the same
year as the ones reported for each of the African countries, ‘the
Kenya income elasticity is still lower, albeit by not as mu;h.
This would indicate that the Kenya govefnment(responds less to the

chaﬁging needs as reflected'By_income than do other African

countries, but about as much as the other non-Aff¥can .low-income

countries. There are many problems in dealing with "average" per

capita income. figures to explain this result, thus the fact that
Kenya is "poorer" can not be edequately used. Lacking figures on
the change in the income elasticity of these other countries,
comparisons of the decreaees'noted for Kenya with theirs cannot
be made.
Equation 6 accepts the ideas put forward by Meier and the

World Bamk '

The rapid increase in school age population

and the expanding number of, labor force

entrants put ever—greater pressure on educa-

tional and training facilities and retard

improvement in the quality of education.27
Further, it assumes that the government is subject to pressures

as discussed by Yamashita earlier in this section. This formula-

tion accepts the hypothesis that the meeting of current needs as

5?
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- reflected in government consumption is more important to the Kenya

government'than is the meeting of investment needs. Accordingly,
;t"the pteseﬁre for more government services increaees, these will
be met and government investment will lag.” This is partly shown A
by Clark.28 He indicates. that increases in tax revenue were
quicklyfapplied to government  current expenditures. This wonldl
indicate pressure on tf% revenue. This preesute comes from the

increasing population and the changing ificomes of the people.

» However, as with other hypotheses of this sort, moyre "definite

conclosions will have to wait until more data becomes available.-

PUBLIC INVESTMENT

>

In a developed ¢country a demand orientation to government

.

‘investment is usnally assumed, It is related-to'the demands for

* certain services. This is not the usual causality in lon—ineome

countries. The government will spend'whatever is ite income,
with government investment having a lower priority than government
consumption expenditures. The government fi;ls its consumption .
needs from existing revenyve with excess funds going into gonernment
investment.29

Many of the models oe have seen of low-income countries
emphasize the demand s@ﬁgfof the model. Adelman and Kim30 aesone -
the determinates of gross fixed investment in soclal overhead
are the size of the capital stock in the government sector (lagged

three years), gross domestic product (lagged two years) and the

level of government non-consumption expenditures, Their coefficient
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on the'three year lagged capital stock variable is negative and

the coefficient with government non-consumption expenditures is

' highly insignificant. They do not explain the poSsib;e implica~

tions of these.

Some models use gross taxes as the major explanator, with

_ occasionally a demand oriented variable such as population size

or income. Others assume that government investment is exogenously

détermined, 31 or they do not differentiate ‘government investment

from government consumption expenditures. .
Kenyan government investment has been becoming less respon-

sive to tax collection changee since 1965, with theuexception of

1969. Thus, it is possible that 1969 was éither a turning point
or an erratic observation. Since government investment has been

becoming less responsive to changes in private sector incomne,

again except for 1969, possible conelusions are that (1) the
pressures on government consumption have been ‘dropping, a conclu—
sion in keeping with the results in the last section, or (2)

taxation is becoming a less significant source of government invest-—

. ment funds, as grants-in-aid, foreign loans and marketing boards

-
— kg

increase in importance. - A 10% increase in income brings forth a

14.1% increase in total tax collections presently. Multiplying
these times their current.levela and -then times the equation

coefficients will yield a 15.4% increase in government investment.
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TAXES

The basic problem with all of the tax equations is to first
determine the proper base for that tax33 and-thgn‘@etermine
rwhéﬁher or ﬁoﬁ_there are any exogenous factors that might explain -
changes in the rate structurel For di:ect'taxes'Clark‘s34Aafproach
cannot -be used since he took GDP at factor ;ost and subtracted
alligovernment revenue, i.e., direct taxes, export taxés, customs
duties and indirect taXes.v Since GDPuét factor»cost'aidfﬁot
_include‘indirecﬁ taxes, -it ﬁakes';ittle sense to subt;actAit.to

achieve the proper base. Had he used GDP at_mgrket prices, then

the need to subtract indirect taxes would have been more consis-

tent. ®

Due to the ffeq;eﬁtly chénging rate'gtructureé,ii; was diffi—
cult to achieve,the same qﬁality fits as we had in ea?lier 7
equations. -Attempts to explain the cause of these shifts in
rates, i.e., balance of payments déficits, deficits on government
"purrent account or government spending as- a percentage “of GDP,
were at bést marginally successful. One problem withbfhis approach

is that in different years different taxes are utilized by the

-
T

government to meet its special needs or to fill its shortfalls.
Direct taxes and agricultural import tariff collections tend to be

more responsive to these needs than other taxes.

.EXPORT SURPLUS AND GOVERNMENT DEFICIT
These two equations are balancers and are determined as iden-

tities.
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v

STRUCTURAL CHANGE

‘In order to test for structural change we use the method put
forward by Johnston.1 Thus, the type of structural change being
measured is narrow. It is limited to testing whether or not the
coefficient on each term ehd/or the constent term underwent é
 shift in their velues. ‘If'only the constant tern underwent a

shift, then we are showing a parallel shift in the entire. line. If
7the constant term did not shift, then we are showing a rotation o
‘of the line.'fThe direction of the rotation depends on whether or

not the coefficient increased or decreased in value.

There were two possible ‘time during which there might have been
a major shift in the value of these coefficients. The first-was B
.in i960»due to the impact of the. Lancaster House Conference when

{;; was acknowledged that Kenya would eventually be a free and
independent country; the second was in 1964 when that independence

'“finaily becane a reality (actually indePendence came on December

12, 19@3; :but 1964 was the first full year that the impact could
be“feit‘én& thus effect the value of‘the coefficients).

"Accordingly, we took the eduations.set,forth at the beginning
‘of the“ﬁreceeding chapter and, using &ummy variables, tested for
(1) structural change.in,1960 only, (2) strnctural change in 1964
‘only and (3) structurél change in 1964 given the structurel change

in 1960. The third.was to be used only if the first two both

showed that there was a structural change. In this case, the

«
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third item would tell us whether the change in the value of the

coefficients between 1960 and 1964 was also significant. If-

only (2) was acceptable and not (1) or (3), this would be an

. indication thaﬁ the Eﬁanges were gradual in nature, with the

cumulative impact being signifieant but not the parts. V
The results are shown in Appendix B.

Those equations that evidenced sfructural changes are:

1. . log (Ql/Li) = -.£564 4 .0174£we) + I.OOf(iog [Kl)il]f
2. _ 1;g @, '=, -1.661 + 1.622(19',; [K,1) + 0.466(log ‘[szj
4. Tag = -14.604 + o.251(cl_)

8. " ™. = -17.780 + 0.099(NI) + 73.238(RGL)

9. e - 11.602 + 0.063(GDP)

For definitions see pages twenty and twenty-one.

For none of the equations‘was the structural change in 1960
ﬁtilized. In a number of cases it was signiffcent but'eince the
equations showed a structural change between 1960 and 1964, we

”»

utilized the latter 1nstead.

AGRICULTURAL OUTPUT

The structural change noticed took place over two time
periods,_ﬁith the latter negating the former. From the full sample
period analysie to the analysis with the dummy variables positive

from 1960 on, it'was’found that there was a downward shift of the
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o~ B
prodnction function,‘an increased importance to the weather and
a vastly increased importance to capital. But between 1960 and
1964 this revereed, so that the current coefficientg_are only
slightly different from those ehown in the last -chapter. OVetall,
thefe is an upward shift of the function, an increased lmportance
to the weather and a decreased importance to capital. These results
are in keeping with the results we ﬁ}esented in the last chaﬁter
concerning the difeption of change in the marginil product of
capital. A . V .

There was a definite decrease in the marginal product in the

late 1950 s with some relatively steep increases in the period
between 1960 and 1964 with gradual reductions since 1966. If

these trends continue’with the collection'of more d;ta,'a'test for
structura1~cnenge,after 1964 would show a further decrease in the

- value of the 1o§i(K1/Ll) coefficient. One possible explanation.

for the increase in the value‘of this term, using the dummy variables
from 1960 on, would be the effect that the Lancaster House Conference
‘ had on the "mining" of capital so as to get as' much production as
possible eut of it before the feared government nationalization.

The ;verall inerease in the importance of the weather term could

be explained by the increasing ability to take advantage of good

climatic conditions.

NON-AGRICULTURAL OUTPUT

Being unable to show a clearly significant change in the value

of the labor term's coefficient, only the other coefficients were
Pl
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" tested for structural changes. The result was the equation shown
o
earlier. There is a turn-around in the c;;fficient of the capital
stoc# te;m and a steady decrease in the-coefficienfrof-the labor
- -force term. Specifiéélly, the capital stock term'ﬁent,from.0.897
to 1,042 to 1.022, and the labor fofce coefficient from 0.654 to
0.557 to 0.466. The latter change was not statistically significant.
However,rthe change for the capital stock .term was statisticall&
significant, with théipossibie explapatioﬂ being muéh the ééﬁg_
as those just’ffesented for the agricultural output, especially
since ghe’direction and the ;pgrogimate'size of the'changeé are
the same. Ithonly differengé overall in the changes in the two
. equations is that the,constant term (usuall§ viewedhhetéwas
répr;;eﬁting disembodied teéhhqlogical‘progreSs) has not onl& '
statistically significagtlshifts, sut also economically significant,
i.e., the magnitudes are large and important. The implication
is that there has been an improvement in the level of techﬁical
skills utilized by non—agricultﬁral productio; gince 1960, Tﬁis
could be an improved-utiliza;ion of either bo;h labor and capital
or of one of ,these ;actoré. .ihe impact on labor could be due té
" the improfed impact that more extensive schooling is having on the
ability"of the labor force to be>productive. Overall, capital
Has become much more productive than it had been: thus, thefe is
an as§umption of some increase in the embodied technological

progress; The decrease in the value of the labor term, while not

statistically significant, could be explained by the impact of
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n‘ Kenyanization on non—agricnltural output. We'dd notice that the
amount of the change in the coefficlent is lessening; furthermore,
1f the new Kenyan workers learn the Jjobs, then we would expect

that the coefficient will begin to incresse.

AGRICULTURALI, INVESTMENT

There was no significant shift at all for 1960 but a very

;

definitdvely significant shift from 1960 to 1965. The nature of

the shift was to greatly increase the reaction of agricultural -

investment to the consumption of domestically produced agricultural

production. At the same time, there was a drametic.decrease in
the intercept; i.e.y the constant term. 'Due to 1and reform, far-
- mers are producing more for the-home market than the gettlers
:were. While not uninterested in ‘export production, they do not
emphasize it as much as the former agricultural producers. Lack
of statistical significance in the 1960 structural shift is
explained by the need for formal independence before the impact
of land reform was felt. It took that 10ng for the Million Acres
Redistribution Scheme to be begun and become operational.

' - .z
DIRECT TAXES

As expected, there was an increase in the marginal effective
rate of taxation due to the increase in income tax rates. Since
the coefficient on the relative share of the government did not
nndergo eny significant structural éhift, we dropped the dummy
variable's operation on that term in order to derive the equation

presented earlier.

*
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%
NON—IHPORI INDIRECT TAXES .
Due to the expansion of the scope of the excise taxes and
@pe inqggase in rates, we would expect a significant_increase in
the marginal effective tax ratg.
[For 1967] an increase in excise duties of

nearly 50%Z is forecast, in spite of there
‘being no significant increase in excise duty

- rate in the year except for the imposition
of small excise taxes on soap and biscuits.
Excise duties have maintained-a steady in-
crease throughout 1963/64 and 1964/65 with
‘rising consumption and in the case of
clgarettes and. tobacco, higher- rates.

New excise téxes have,beeny;mposedv[in v
1969] to maintain revenue lost from declining
imports following the growth of import
substitution, This trend is likely to be-
come more pronounced in the future years.d. - .
- The increase in the effective rate of taxation was 34.07.
Another reason for the increase in the effective rate of
‘ taxation for the preceeding two equations is that both of them
show very definite income elasticity. Thus, as income increases,
the effective rate of taxation will also increase. None of the
import ﬁariffs showed this? largely because‘the import substitution
worked against‘thé income elésticity of these taxes so that the

net impact was not significant.

IMPORT TARIFF COLLECTIONS SITC 5-8 COMMODITIES
Here we find that there is a decided drop in the effective

rate of taxation, so that it would be, with structural change,
’ k]
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Q .
12, ™3 = -.302 + 0.152(W3)

For definitions see pages twenty and twenty-one.

‘Here we find that there is a decided‘drpp in the effeetive
rate of tax coliection, due to” the impact of impnrt snbstitntiﬁn,
which has reduced the amount of imports, combined with a government

effort to allow those imports that are necessary to come in under '

reduced tariffs. If an item is taxed 56 substantially that imports

fall to zero, then our regression éanndt pick this up. It does

not enter either the dependent or the independent variable.

ag

-
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Footnotes to Chapter V

J. Johnston: op. cit., pages 192-206.

See L. Schnittger: "Taxation and Tax Policy in E&st Africa,"

in P. Marlin. (ed.): Financial Aspects of Development in East
Africa (Ifo-Institute fur Wirtschaftsforschung, Afrika~Studien-
stelle, Weltforum Verlag, Munchen, Germany, 1970.

" .Republic of Kenya: Economic Survey, 1967 (Nairobi, 1967), page

101. -

©

Republic og‘KgQXQ;_chonomic Survey, 1965 (Nairobi, 1965) , page
63. - . - - - :

; Republic of Ken&a; ‘Economic Survey, 1970 (Nairobi, 1970), page -

155.
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vI

THE FULL MODEL

(WITH STRUCTURALLY CHANGED COEFFICIENTS, WHERE JUSTIFIED)

1. log (QllLl)
2. log (Q,) .
3. Cons
4. ~Iag
5. Inag
6. GC
 }. L
8. TD
9, TIM
io. TML
. : TM2
12, ™3
13, XM
14. D
DEFINITIONS

-0.126 + 0.017(We) + 1.007 (log[KllLl]O

-1.661 + 1.022 (log[Kz]) + 0.466 (loglL

13.94 + 0.623(DY) + 0.560(ED)

-14.604 + 0.251(01)

1.520 + 0.775(X23) + 0.721(GI)

~14.649 + 0.252(YPL) + 0.033(DPOP)

«

21.514 - 0.259(YP) + 1.384(T)

-17.780 + 0.099(NI) + 73.238(RGL)
~11.602 +'0;063(GPP)

0.542 + 0.152(MW1) + 5.381(RG)
~3.810 + 0.634(MW2)

~0.302 + 0.152(MW3)

GDP + TI - Cons - Iag - Inag - GC - GI

T -GC - GL

(See Chapter’IV, pages 20-21).

o1

.
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VI1

DATA ORIENTED PROBLEMS

All of the data for the model was gathered from official

primary sources éuch as the Statistical Abstract, Economic Survey,

‘Development Plan or the Erade.manua;s éut out by the Community or
its predecéssors. Some addifional iqformation'came from vfficial
publications of Taqzania or Uganda. A small number of figures was
gathered from secondary sources, -but oniy when théy indic#fed -
tﬁat their.éource was one of the above mentioned primary sources
and thé original source was not available.
The early data is not nearly as accurate as the later data,

© dn fact - ) : ‘ | .
V ...“fiéﬁres concerning ... magnitudes for the

period before 1950 are only partially available,

the most for Kenya.... Thus there are no esti-

mates of Gross Domestic Product (GDP) for Kenya

before 1947....1
It is for this reason that nololder data was utilized in this study.

Concerning the overall accuracy of thg data, Vente.points

oué, "In the three East African countries, regarded as a whole,
there- are felafivély gobd statistical data available for a number
of important s_ectors."2 Many other sources agree that the data
for Kenya is significantly better than comparable data in other
low-income countries.3 However, the International Mometary Fund
cautions "... available data should be interpreted wi;h caution

and only as indicating an order of magnitude."4 Helleiner puts

it this way
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" These annual estimates, although undoubtedly
subject to wide margins of error, provide
-valuable guides as to the rate of economic
progress and, perhaps even more importantly, 5
as to the changing structure of the economies.”

The Kenya government admits that there are shortages in the
data, particularly in the fields of small scale agriculture, small
scale industry, small scale commerce and the rural northern area.
However, they note that work is in progress to estimate expenditures
and’ spending patterns of consumers and business firms, as well

. as other. data which the government now feels is needed for a moré ‘
accurate economic plan "Improvement on methodology and accuracy =
in the calculations of GDP have been made. n6 During the first plan
additional data investigations were undertaken’ ‘into the nature -
and value of certain key capital—output.ratios and other needed
data. -Vente snpports this by'mentioning the improvement in
coverage and quality and quantity of data collected and interpreted. -

XIn fact one set of data he mentions as being unavailable ' compre-
_hensive data ... for consumption, current government services and
investment...." is now provided by the Statistics Office.

The data appears to be improving over time, and the reliance

on it, whether Justified or not, is increasing.

“  [T]hese estimates are watched by those con-~
cerned with the overall progress of the
economy and are treated seriously by both
private and public policymakers.8

¢

Thus, while the data is improving in coverage and accuracy,

a number of problems remain for the researcher. Key variables

change in the middle of a data sequence, or various definitions
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of the same concepts agppear, even in the same Statistical Abstract,

without any adequate exblanation of the difference. Sometimes

datd with ostensibly the same defini;ién changes in Vglue frpm one
page to fhe next. But these glaring problems “are .disappearing;
'and, for the most recent year, Qheneverythere‘is a change in ﬁﬁe
definition .or collection procedure used, there are also adjustments
made ésr data reported over the paét féw years. vThis enaBles the
researcher to make further'imﬁutations baéed on wﬁetherrtﬁe éhanges
are a constant, inéregsing or decreasing value or percentagej '
change. = Thus, many of thé_figures used in the regression analysis
ére closer to-index numbers fhan the‘actua} figures, since so many
changes have had fo be made in them in the-interests qf.coverage
~congistency. 7 - | ' h b i

Wefe the chang;s not made, the problem presented be;ow would

be encountered. If'only the raw gfaduélly corrected data were used,
then the slope of the "true" curve and the intercept would be
ingorrect. By adjustihg the gradually cbrrected data to reflect
the %ature and form of data changes, and thén by weightiﬁg the

data so that’the'mpstkregent“Qbservations have a greater weight,

a better ap;roxiﬁghion of the "true" line can be achieved. Exacﬁly
how close the regression line is cannot be known due to ignorance

of the "true" data. Estimates can be achieved by analyzing the

forecasting ability.9
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ni-n \

weighting

%f\*\\*\\ line drawn without corrections or

Utrue" regression, line

#="true" date

x" T °=gradually corrected data,
unveighted -and w1thout
1mputat10ns

B

v

Deflation of money flgures was not p0551b1e due to (l) the

_.accuracy of the prlce deflators and (2) the lack of sufficient

model disaggregation. 1n countries more inflation ridden than
Kenya, deflation might be an absolute necessity. Harris and
Todaro support the first item. "Neither output nor wages were

déflated for price changes because of the lack of an adequate

deflation." 10 Helleiner states "The real GDP estimates may ... )

be even less accurate than the money GDP estimates."t With

respect to the second point the Kenya government statisticians

believe

+++ such evidence as is avallable suggests
that although a number of prices (of both
outputs and inputs) have risen, others
(mainly outputs) have fallen and the net
effect of price changes over this period
is probably small,l2 .
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‘ﬁﬁile'thé_reasoning is not impeccable, it does indicate that price
data is insufficiently disaggregated at present and that there i;
not adequate interest on the part of the Statistics Office to do
this job properly.

With some of the data thefe was a change in the early fifties
from reporting it by the calender year to reporting by’ﬁhe fiscal
year: or by the harvest year, and in®some caseé vice vefsa. -This"
was handled in a rather arbitrary fashién: All fiscai yeaf data
were entered for bo¢putational purpbses as 1f they correspdﬁdéd
to the earlier of the calender years cofered by the fisc¢al &ea:;
the rationale being that this ghtailed the fewest number of.errors
in transcribing the data. And, iﬁ the absence of any cbnsistent
alternative, it‘waé the only rbute availab;e. qutﬁhétely, this
needed to be done for the earliest data only. -

In soﬁe of the early years, data for a éiven year would be
estimated only with ne-indication the following year of verifica~
. tion of this dat;. Thus, the pattérn ;ver“a three year span
" might be to have the first year's data reported and vefified,

IS

the second only.gstimaﬁed;=yith the third year's data estimated
and éhen éérifie&. All théf was possible was to see that the

estimate was in line with the verified figures. Whenever there
were two estimates for a given year (as whenever there were two
different reported figures), the newer data was utilized, It is

..recognized that even the verified data, or the "newer" data,

still have significént elements of estimate about themn.
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| VIn determining &eather conditions, a number of problems
.dgveloped. . (1) There was a moving of the location of the
reporting station within a g@veq_¢ity. The Nakuru reporting station
waé used for tﬁe entire samplé, but movements within the city
" did occur. However, this‘cannoé be viewed as a major signifiééqpe,
(2) Data‘would not be reported for all-months with no reason
being-giyen. In this case, it was asgumed that the missihg months
were as much hotter-or Wetter>than the moﬁths of the adjaceﬁt
years for which dgﬁa was a&ailable. .
Population estimates are Eased on pefiodic censuses.- Fo%

the years betwéeﬁkfheée, the government has simply made an estimate
of the proﬁéblé populgtion; Hoﬁevér, when- the new figures came
—in,'the S:apistics Officetrecompuged only thgégqre recent years.,
“This meant it was possible for omne year the data be estimated using
the old census only, while for the following year it would be
éstimafed using both the old and the new censuses. The estimates
were evened out in the interests of coﬁsistency and comparability.
The data utilized includes all of the people in the counfry

and not just Africans; Agians or Europeans. This variable was

used in taxfand-gavernment consumption expenditure equations

where almost all of the. people would be effected, especially in

the most recent years. In addition, because this was te be one

qf the instrumental variables, to use only Europeans would be to

establish a definite non-zero covariance between population and

‘the error term. One additional problem remained: What if only
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’

v .
,the population figures were adjusted and not income, output, etc.?

The data collectors might have found that they miesed some people,
but not have bothered to count other figures affected by these
people.

Since capital stock:figﬁres were needed for the productien
functions, these had to be computed. Clark asgumes that for Uganda
the rate of retirement is about 7% of‘the new value per year.13
This assumes a 1ife span of just under 15 years, »Rather than'just
accept thia assuaptien as valid for»Kenya other infprmationAﬁae.

used to determine the retirement rate. This entailed a number qf

hY

assumptions.. (1) The marginal capital output ratios for 1950=

1953 (after allowing for the "tested" retirement rate) equaled the

_ average eapital output'ratio for 1950. (2) The ﬁafginal capital

'output ratios compited by the Kenya Ministry for Economic Planning

v,

for the years 1967-1969 are correct.’

Different depreciation rates were used to determine net -invest-
ment until one was found that would yield marginal capital output
ratios approximately equalrto those computed for_1967-1969. Using
this methodology, thelretirement rate for agricultural investaent
was 3% and!%or ;oﬁ-agricultural investment 47.

The‘implications of this are that capital is in use for a
longer period of time than Clark estimated for Uganda and is not
discarded as fast; that there is much investment that is not
counted and that there is more'investment that is ‘not counted in

agricultural than in non-agricultural endeavors. Examples would
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be thé inability to count domestically procreated animals or
nurtured crops. Thus, the "true" retirement rate is high;r than
4% or 3% for any particular piece of capital. que&er, there .
was.mnre investment taking place than the data collectors could
collect. Due to the stabilityvof ‘the results-achieved, the
assumptioﬂ‘must be that the data collectors still fail to
count much capital that significantl§=effects ottput. This»rétire—
ment rate is an'exdgenous variable that “can be chénged’inftheryodel,
if it is felt that for the coming years the "true" retiremeﬁt
rate will be some other, presumably higher, number.

Consumption data was not reported directly until the 1970

Statistical Abstract. Thus for the years not reported by that

'volume, the subtraction by components method must be used to
\estimate this variable, leaving all of the residuals and items not’
elsewhere enumerated in the -consumption figures. Most importantly,
this includes changes in stocks, inventory valuation adjustment
and subsidies. -Accordingly, the consumpt}dh figures are over~
estimated. For the most recent years, thiéuié not greatér than
3.52; but %p'thg forecasting period, it ran as high as 5.4% in
1971, With more oBservations, consumption figures will be capable

of analysis using only the improved data.

a~
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VIII

ECONOMETRIC PERFORMANCE

The first general questibn efbiﬁportance in a model such 4s has

" just been presented is: How well does it operate? One way of -

showing how well it operates is to see how well it is able to fore- -
cast. " If the model has the values of those variables that are

fully exogenous added to it, then a comparison of the results that
the model achieves ‘with those that actually occurred can be made.
However, due to some unusual changes in the economy, two imputa—

tions must be made first.

[Part] ... of the increase [in direct tax
collections] is explained by the change-bver
in tax collection procedures- introduced in.
last year's budget [1969/1970] which attempted
to eliminate the eighteen month time lag
_between earning and payment and to bring the
entire income tax collection system onto.a
pay-as-you—earn basis. Thus growth in income
tax revenue attributable to this factor is of
a transitional nature although it will
influence income tax receipts for the next
- four years.

The non-explained increase in the Aireét‘fax collecgions was
treated as elsiggle year valued exogenous shock. They Feel it
will effect colleetions for the next four years, i.e., through
1975. A linear reduction in this shock each year was.assumed.

Non-capital expenditure increased by

15.3 per cent between 1968/1969 and 1969/
1970 -~ compared to an increase of 7.3 per
cent between the two previous years....
[Tlhe main reason for this was the takeover

of health, road and education-services by
the Central Government.
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The impact here is such that the tetel'gevernment contribution to
gross domestic product did not change; but Since the central
government makes almost all of the capital investments, this

- major shift caused an increase in the proportion of the govern~-
ment's GDP contribution for consumption purposes to increase

and that for investment purposes to decreaée from what they

" would have been without the change. fhis should be a permanent

change and not just a single year impact, unless the assumption

is that the government will give these functions back to the 1oca1 E

government and re-emphasize its capital'formatipntrole.
| There were some other cﬁengesvthatrthe Ministry of Finarce
and Economie Planning considereu important’ and significant. How-
'ever, after analyzing the results and their causes“ it appears
>that these were just normal responses to the stimuli being given.
The comparison of the model's forecast to the actual values

for both 1970 and 1971 are presented on the next page. It must be

pointed out that with each new Statistical Abstract or Economic

Survey the plamners go back over some of thé earlier data and make

chénges in it. Thus, the Economic Survey, 1971 changed the non-

import indirect taxes (but inclusive of SITC commodities) from

K& 16.98 million to Kk 18.34. The Economic Survey, 1972 further

revised this figure to Kk 19.965 million. They both also revised
some of the pte—1969 figures. Therefore, it is entirely possible
that some of the "actual" figures for 1970 or 1971 might be

~ changed as more information becomes available. Due to the changes

oy



TABLE I

RATIOS OF ACTUAL TO FORECASTED VALUES USING THE

Variable -

Inag

. Cons

-

STRUCTURALLY “CHANGED MODEL

-

Year
1970

- 1,092
0.962
0.972

0.999

.0.976 ..

1.008

0.963

1.029
1.012

0.985

1.009
1.018

1.015

0.440
‘1.015

é

Year
1971

1.137
0.945
1.046

1.008

" 0.959

1.007

~1.010

1.011

.1.039
0995

1.003

0.995
0.998

1.081
1.021
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in the values of some of_the endoéenous variables, the new figures
 were adjustedfso that they would be more compatible with the
older ones. Had weighted instrumental estimates on tne yeers
~from 1950 to 1971 been performed, this would have been done auto-
_matically. The method was to see nhether the changes in the
earlier data were related to the original figures by an absolute
. amount change or a percentage change and then to find the direc-
tion of those changes. Thesevehanges were continued into~thef |
1970 and 1971 period. - When there were no discernable patterns,
the grpw;h'ratesnin the new figures were assumed“té eqnel the
growth rateseof the old figurest’ It should be noted that the only
times that these imputations might have been ;ignigicant i.e.,
resulted in changing older figures by over 5%, would be for:
(1) non-import indirect taxes (includes SITC 9 import tariffs)
and (2) public consumption. o

Following Johnston,3 the.standard error of the predict;on is
computed (see table following tnis page). F;r_all of the equations
and for both years all estimates are well wiEhin the confidence
intervals set upibx'takiné ifi;96 (SEP) where SEP is the standard
error of the prediction.

The ratio of the actual figures to the SEP can be viewed as a
measure of the sureness of the equation fit. Using this method,
the equations which show tye greatest need for more work, since

thelr error ratios are the greatest, are in order: (1) Non-

import indirect taxes (includes import tariffs on SITC-9 commodities);
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TABLE II,

o

. STANDARD ERROR OF THE PREDICTION
(in millions of Pounds)

Variable v Year Year

1970 1971
™ML © 0.2005 ‘ " 0.3181
™ 0.7935 1.0252
™3 1.0568 - “~ 0 1.5011
o) 1.3804 - - 1.8302
TIM 2.6310 3.1933
e o ' 4.5685 - 5.3812
6I " 3.0848 - _ 4.5786
Iag : 1.3775 . 1.1297
Inag 4.9194 7.3974
Cons 4.6448 - 5.6356
Q™ . f 10.1990 ©°  ° 8.5102"
Q% . 8.9643 18.1020

(*) These are after conQersion from log form, and, in the case
of Q1 after dividing by Ll' Thus both are the standard error

of solely the variable listed in its unlogged form.

Vo,
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¢
(2) hon—agricultural investment; (3) impért tariffs on SITC 2-4
commoaifiéégwgﬁd”(A)_géﬁéfnﬁént investment. 'The best equations,
s0 measured, are in order: (l) private consumption' (2) direct
taxes, (3) non-agricultural output and (4) agricultural output.

Another way to evaluate a model 1s to look at the growth
rates that the model foreéa§ts. If these are exploding or wildly
oscillating, then it appears thdt the model might be haﬁing”
some structural or specification probleﬁs.

In.order toAdetermine these forecasts, some assumptioﬁs{és to
the growth in the fully exogenous variables in the time period ’
after 1971 must be made. Thege are estimated to grow as fast as
a‘weighted(average of their growth during the period from 1960
to 1969, using -the wéiéhting'scheme discussed earlier.

" _ The results of this portion of the model ‘are presented on the

.next page. For 1970 and 1971 the growth rates are those that the

model predicted, using the actual values of the exogenous variables.

~

The only result that is behaving strangely, and even it 1s not
exploding, is the net exports term, curreatly negative. Since it

is decreasing by a relatively constant absolute amount, the per~

-
- z v .

centage change is subject to wider fluctuations.

From these results, the model's estimate, of the various tax
elasticities can be computed. _Those results are pfesented in Table
IV, Here it is noted that the most elastic tax presently is
the non-import iqdirect tax, with agricultural import tariff

collections being the least elastic, 1In fact, only the two major

©
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(* for these years the elasticities are computed using achal exogenous  -.
variable values for-1971 and preceding, for all other years a weighted
average of the growth of these variables during the 1960'5 was used

for forecasting purposés.)

TABLE IV

TAX AND GOVERNMENT SPENDING ELASTICITIES WITH

Year TM1
1970*%  2.136
1971%  2.544
1972%* ’ -.404
1973 . -.206
1974 .—.250
1975 = -.230
1976 - -.186
1977 —.196
1978 -.178
>i979 =174
AVERAGé
ELASTICITY
0.198

S TM2
1.654

1.068

. 1.029

1.020
1.010

0.990

+0.951

0.905

0.869 -

0,844

1.020

™3

2,704

0.893

0.865

0.873-

0.880

7 0.870

0.833

0.800

“0.785

0.761

0.980

RESPECT TO GDP

D

3.407

1.184
°0.942
0.804
0.910
0.920
1.196
1.171
1.150

1.138

1.228

TIM

2.815

1.553

1.490

1.422

1.370

1.310

1.284

©1.248

1,215

1.193

L
1.455

GC

1.222°

0.971

0.577

1.275
1.060
1.080
1.029
0,990

1.000

1.000

1.020

64

o1
1.963
3.932
0.298

0.549

0.590
0.650

1.108

1.038
0.991

0.954

1.158

PR
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taxes, the non-import indirect tax and Ehe direct tax, are elastic
-;at~£he end of the time period analyzed. Due to the generally
higher elasticities for the tax equations when compared to the
spending equations, it does appe;r that the government will be
inq:easingly able to get its ﬁounting deficit under controi.i This,

L

indeed, it must somehow do.in order to be able to lessen current

inflation. ¢

Lastly, a comparison of the results that were achleved,with
.the structurally changed model with those that would have been
achieved using the full sampls period, ordinary instrumental

estimated model without structural changes are presented, The

ratios of the actual gp the predicted values for' all of the variables

are given in-Table V:
"~ . Since ‘for a number of equations it was found that theré was a
definite and‘significant structural shift to the values of some of
the coefficlents, it is not surpfising that'overa;; the gesults'
‘sho& that the structurally changed model is bettér at fore&asting.
The net impact of the structurél chéngé was to iﬁérease both
. of the predic;iqns for ditgct and non—impbrt indirect taxes. Thus,
thé-stfu;tural ;hange was towards higher tax rates. The next
major structural change was in government investment. Here the
shift was such that the government is investing much more. It is
necessary to add that, while no change in the coefficients on

this equation was noticed, the impact of the other shifts was such

as to improve our prediction for public investment. This same
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~ - -RATIOS~OF ACTUAL ‘TO FORECASTED VALUES FOR 1970 AND 1971 FOR
' THE STRUCTURALLY CHANGED MODEL AND THE
'NON-STRUCTURALLY -CHANGED MODEL

Variable

. Structurally Non-structurally
changed '

D
TIM .. ...

1.092
0.962
0.972

" 0.999

0.976

1.008
0.963

1:029
1.012

. Year
1970

changed
o

1.103

0.962
0.972

'1.066

1.067

1.008"

1.129

1.131 -

- 1.098

O;QBS,Q;

1.009

1.018

1.015
0.440
1.015

0.994

1.009
1.045

- 1.032

0.556
1.041

»

Year
1971 .
Structurally Non-structurally
" ‘changed changed
.1.137 1.159
0.945 0.945
1.046 1.046
1.008 a2
0.959 1.085° %
1.007 1.007
1.010 1.264
1.011 1.133
1.039" " 1.174
- 0.995 1.006
0.998° 1.003
0.995 1,032
0.998 1.020
7 1.081 1.423
- 1.077

_.1.021
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_conclusion was reached for non-agricultural-private investment.

While there was no structural change within the equatien, the
impact of the other structural'changeé increased the forecast for

1971 by 13.00%. For agricultural investment the structural change

in the responsiveness to the consumption of domestically produced

agricultural products was such as to increase our forecast by
12.04% for 1971. 1In agricultur;i output there was a very
definite'ehift iqrstructural coefficients; however, the impact of
this shift appears to have been very slight. It decreased the
prediction for 1970 and'increaeed it for 1971;5'There &6es not _

appear to be any net‘improvement in the ability of the structurally

changed equatlon to perform better. For non—agricultural output

the effect on the prediction for 1970 was marginally significant
at best, an increase in the prediction of 2.67%, while for 1971
it was 3.69% higher for the structurally changed equation.

Using as a ﬁeasure for accuracy of prediction the abselute
sum of the variation from the actual figures, then the sum for
1970 of the structurally changed coeffic1ents was 1.245. For 1971

X

the figures were;0.47l:andkl.607 respectivelys



'8

1.

P 2 -,

Republic of Kenya.

page 181, .

-Ibid., page 175.

3.

»
1
” %

68~

2Fbotnptes for Chapter VIII.

Economic Surveys 1971'(Nair°bis;l971);~ e

Johnston: op. cit.; pages 152-155.




.69

IX

SENSITIVITY ANALYSIS

In order to measure howrweli she model reacts;to.changes iﬁ
the values of the exogenous vgriables, a number of different tests
'wsre performed. Since this section is snly soncefned with how
sensifive the ;sdel/is to these changes,4the author has decided
to uss the model only afﬁer it had forecast a sufficiently
long period of timée to-allow ali of.the growth rates 6f.£he éndo-
genous varisbles to settle. In this way bnly»she sensitivity‘of"
the model to these expgenous changes can be anaiyéed, and the
impact of changing endogenous behavior is eliminated.

The‘éffect qf population grOWth on the economy is frequently
‘discussed in low-income’countries. The model can compute the cost
to the economy of increased population, so long as that cost is
narrowly defined.r If tﬁéﬂgrdwth of the population is lowered to
2.0%, then the savings, in the. form of reduced g;vernment
co;su;ption expenditures, would be K& 8.75 million; if the rate
of populatlon growth could be Teduced another percentage point,
then the pressure for public consumption would drop a total of
K& 16.01 million over a ten year period. The short term advan-
tages of population growth rate reduction becoﬁss visible. If
the government were able to achieve this end with an expenditure
exactly equal to the "cost" of increased population, then it would
have to spend over the ten years approximately 2.82% of its budget

for this program. According to the World Bank, no country is
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currently spending that large an amount.l

The government stated in 1966 that it would "... pursue

' vigorously policies desiéned toiréduce the rate of pbpulatioﬁ

growth through voluntary means...."2 In order to do this it set
up the Family Planning Association of Kenya. 1Its 1968 budget was

K& 67,000, and over the planﬁing period it was expected to rise

~

to K& 150,000 per annum. Over .a ten year period'this would work

out to a maximum expenditure of K& 1.5 million being spent. If
this is the total expenditure, then the effort will be worthwhile
if the reduction in the growth rate is 0.17%. . .

If the speed with which'éapital is consumed is accelerated

to such an extent that for aagricultural uses depréciation becomes

-5% and non—agriculturai'depreciation becomes 6%, then there would

be a general reduction in the values of most of the endogenous

variables over the ten year testing period. This reduction in the
size of the capitél siock would mean that agricultural outpugl
would be 12.89% lower and non-agricultural output 0.617 lower, or
GDP would be 10.81% lower. This would be further refleééed-in a
reduction in‘puylic.consnmptipn expenditures of 9.93% and public
inves;ment ;f 6.45%. More severely curtailed would be agricultural
investment whicﬂ would be reduced by 15.12%. Non-agricultural
investment would be reduced by h.79%§ it does not appear to be
nearly as dependent on tﬁe size of output as in agricultural
investment. The net surplus in the balance of trade, GDP account,

would be reduced by 47.70%. Since taxes would not be reduced as

much as woulﬂ government spending, the size of the government deficit

FRLEN
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N

would have decreased by 2.82%. Further, the long run impact on

”_éfaﬁEﬁwiéfégwis such that direct and non~ifiport indirect taxes

- would be growing at 2.0% slower rate per year, public consuﬁption‘
at 2.10% slower rate and agricultural investment at 3.1% slower
rate. ‘Consumption would be growing at a 1.8@ slower raté, while

agricultural output would grow 3.1% slower. All of the other

figures, except for the import td}iffs, would also grow éonstderably B
. s _ *

more slowly. Thus, it bgcones obvious that, if the type of capital
that‘wili bé inveétéd has a shbrter.life expectanty than_thé ‘
already-in—place capital, the gobernpentAwilighéve to find séme
way to.incréase tﬁe fespectiﬁe ﬁarginal prodﬁctivities of capitél :
'for agricui;ural and non—agficultural production ‘so that these

“will not be réther drastically reducea.

If the movement of labor from agricultural to non-agricultural

eméloyﬁent continues, aqd_indeed acceleratég, thep the result
would be a slight increase in gross domestic product over a tem
year périod of 1.36%; This assumes that agricultufal employment
dropswby 4% per year and non-agricultural employment increases by
1% more than it has. This would allow for only insignificant
changes i;’unempioyment. Since the agricultural marginal prodﬁc—
tivity of labor was negative, there would be an increase in agri-
gultural production of 0.34%Z overall. None af the long run growth
rates are substantially'effected, i.e., none of the;r growth rates
'change by as much as 0.5%.

In order to get at. the impact on the economy of a prolonged

drought or other adverse climactic condition, the model forecasted

o

kS



which 1s possible to contain the negative impacttof such ‘climactic _—
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the impact of such.a three year condition. For the years during
which the drought would exist, output would drop by 5.82%. Cver
the ten year period it would drop by 3.83%, or K& 556.30 million.
As late as seven years after the end of the drought and the return
of no;mal weather, output would be reduced by Kb 61.59, or 3.69%.
The,effeét of the dr;ught WZuld be an overall reduction in agri-
cultural investment of K& 89.43‘;dliianand in consumption ;f

Kb 205.72 million, or 4.51% and 1.20% respectively.. It would,
nafﬁ;éily; reduce the size of the export surplus, in this case -
b?jKL 26.35 million. Since none of . these iﬁpacts are minor, it

therefore becomes incumbant upon the Kenyan government to do that

. uncertainties.

" The effeéct of three consecutive good years in roughly the
exact opposite as that just presented. Agricultural output increases
by 4.15%, stimulating agricultural investment; increasing the size
of the export surplus and slightly increaéing'the siée;Pf the. .
government deficit, i.e., by Kb 7.49 mi%lion or 0.64%. Neither a
drought ngf goo@fweathér ﬂés any substantial impéct on the long run
growth rates of any of the included variables.

If we allow the size of commercial bank deposits to groﬁ 5y
15% per year, then the only impact of the model will be a substan-
tiél increasé in domestic consumption .of 5.32% or Kk 908.68 &illion
over a ten year period, and a comsequent reduction ig the size of
the export surplus. It is entirely possible that if these

deposits increase this much faster that there will be some form of
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structural shift of the model. This will probably. also hold for
any of the remaining changes made in the magnitude cf the
exogenous variables.

If importe of all produets increase, the following results,
assuming that agricultural imports increase by 10% per year and
intermediate products by 15/ per year, as do manufactured imports.,
The effect is, of course, a substantial increase in these tariff -~
collections over a ten year period of 34.70%, 46;422 and . 45‘137

Arespectively. There is a 46. 03/ increase in government investment, -
a 34 33% increase in non—agricultural private 1nvestment a - -
15.02% increase-in non—agricultural output, an increase in export
surplus due to the. increase in productive ability of Kk 86.51
lellion and an increaee in the~size.pf the government deficit of
K& 78,912mi11ien:' Tﬂe Iodg run impact on growth rates, other than
tariff collectiuns, would be to increase tue growth of public
investments by 7.0%, non-agricultural private investment by 6.4%
“and non-agricultural production by 5.3%. tlThese results are not
as would be expected. The results will only hold if the assump-
tion made in ‘the estimation of public investment remains valid,
i.e., taxes serve as seed money for the acquisition of international
hmsmdymm.TM&wﬁhMa%wdmmﬂktuummtm
result of increased public investmwent holds. This assumption
appears to be pushed to, if not beyond, its limits here.

Similarly, if agricultural investments increase by 10% per ‘

year, then agricultural investment will drop over a ten year

period by 5.07%. The reason is that agricultural investment

o
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depends on domestic consumption and not exported‘production.
Accordingly therincrease in exported production reduces ‘production-
available for domestic consumption, thus reducing agricultural
investment and also agricultural output (reduced by 2.32%).. It

is expected that, if exports began increasing by 10% per year,

it would indicate an- 1ncreased export orientation causing a

~

different specification (such as equatlon Dl in Appendix A) to
become valid. ,
In the model, non—agricultural private investment is semi-

export oriented. Thus, ifAthe exports of. catégory two and three

commodities begins increasing by 7.5% per year, it can show the

Vimpact in the manner expected. In such a case, non-agricultural

private 1nve$tmeht would increase its long run growth rate by 0.8%
per year for a cumulative increase over 10 years of K& 81.86

million, or 5.15%. Non—agricultural production would. increase

'by 0.99% or Kk 156.30 million. Due to the impact of these on

consumption and public behavior, there is a slight ‘reduction in

~

the size or the export surplus. This illustrates that there is a

g

tendency Within the economy ‘to use the export surplus as a vent,

‘as well as showing howpfragile that surplus is. Almost anything

can work to reduce it because, in this case, of a desire and

* ability to respond to the imcreased availability of funds and

changing income.
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" In ail of the shifts in-the exogenous’ variables thgt the

model was subjected to, it showed a remarkable dgg;ge of stapility; ‘

.énd,"so,long as: the assﬁmptions-behind the model ﬁold; the effect .

..and direction of these, changes is as expedted.

»



Footnbtes for Chapter IX - -+

"~ 1. Population Planning: op. cit;, page 23.

2. Kenya DevelopmAe‘nt‘Plan: op. cit., page 500, subsequent figures .
come from pages 500-502. N .

LY



.
IMfACT MULTIPLIERS
© To take advantage of the recursive quality of the.model, tne
impact of variable changes‘over a number of years was meastured.

To measure the total impact of a ainglefyear change in
go#ernnent~consumption the change Was added to the goVerument ‘con-
sumption. equation, and thisinew equation wes used-to solve the
system of equations; This was subtracted from the values that
would have existed had the change not taken place._ ‘The difference

is the impact of a just increase in government consump tion expen—

PR

ditures. . - - _ . ..

- [

A single-year increase in public consumption of K& 10 million
will’ 1ead to—a ks 25.59 change in GDP over a ten year period for
a full multiplier of 2,110. This takes place in the model mainl§
because of the impact onrtaxes;lprivate and public non-agricultural
investment. The effect after three years is-a multiplier of 0.62.
Thus, most of the impact.of the change in public consumption takes
place over the later years in»the analysis. Imnitially, its main
impact is torincrease the size of the government deficit and alao ~
decrease the size of the export surplus. Over the years the
exoort surplus will be reduced by 0.4% and the deficit increased
by 1.0%4. After onme year, productive ability will have increased

by KL 3.19 while the demand for the output will have increased

by KL 17. 46. Accordingly, while most of the increased inflationary
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_pressures take-place during the first year, there will be some
“heightened pressure.for each of thenyears in the recursive systen,
These results can be contraeted'with a similar increase in
“public investment. Here the ekport surplus actually increases
due to the increase in productive capacity beyond the increase
in the domestic demand for that capacity. The net change in the“
’ export surplus will be an increase over ten years of 1.2% with a
similar increase in the government deficit over the ten years, . -
The value of the .multiplier for the change in investment is
. 2.710 after three years and over the entire time period is 8.13.
This rather hign multipiier is due mainly to the impact of the
strqcturally changed non-agricultural production functipn, which
hae indicated a major upward shift in the marginal productivity.
Whilewsonewhat higher than.some of the other studies surveyed,
the figure is &B: out of line for a growth~oriented developing -
economy. In the later years of the analysis the impact of the
investment stimulation will be such that there will be increased
inflationary pressures with balance of trade problems regppearing.
However,.that :is only during the last years. Overall, the
situation is an improvement in both. .
However, if the government wants to increase its spending by
K& 10 million, it will need a funding supply. The effect of obtaining
':thoee funds from the following different sources is next
examined: w,(]:) from a decrease in gove"\ent consumption, (2) from

an increase in direct taxes, (3) from an increase in indirect taxes,
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. (4) from a decrease in private savings, (5) from a decrease in.
pPrivate consumption. Presumably the government would be-
interésted in pursuing that method of financing whichAleéds to. .
. the best impact on”overalliontput, improves the export surplus
and reduces the size of the.government debt. .

If public constmption is “decreased by K& 10 million, then

the net impact on GDP is-+0.382, wnile the_export surplus Wouid
improve (over the ten year period) 1.59% and the deficit worsen. . e
by 0.26%. If the government increased direct taxes just enough

to pay for the increase. in government investment, tnen the net
change- on GDP over a ten year.period would be 0.507 while the
export surplus would improve 1.58% and the deficit worsen 0.59%.
Unless the worsening deficit bothers the government planners
excessively, this method«would yield greater output and not
change_the.export surplus. All of the figures are the same if
_the government finances the increesed expenditures through an
increase in indirect taxes, except that the export surplus would
improve further to 1 82%. The regressive quality of most indirect
taxes, and tpns their greeter ability to restrain consumption -
thereby improving the goods and services available for export, is a
basic point:indicated by this analysis, If the government'somehow
forced citizens to‘loan it K& 10 million as a permanent reduction «
in their savings, the impact on total output would be the same (the

same amount of investment being made) but, we find that there

would be an 8.52%7 improvement. in the export gsurplus and a worsening

»
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te

of the deficit (now including the savings as a form of tax) by

0.35%. 'If there were some easy method to directly reduce

consumption by the amount needed for the government investment

v

(i;e., rationing),.then the government deficit would 'be slightly
worse"%nd'the export surplus not mneafly as good. This might be
explained byithe impact that the‘permanent reduction in private

‘savings would have on consumption for each of the years in the time

series, as'obposed to the single year reduction in consumption.

It would also reduce the funds available to the private sector for

.

the needed investment there.
.If pressure to shift funds from government investment to

public consumption were to become sufficiently sevete’ that the

AB\ . e e

transfer was necessary, thénoner the ten year period following
such a single year move GDP would be reduced by 0.38%, the export
surplus reduced 1.50% and the deficit improved only marginally”
(by 0.26%). Over the fitst year of such a transfer the reduction

in GDP would:be about 0.64%. . 1f such a trarsfer were to be perma-

nent the impact on GDP would be a reduction of 2.27% and a

worsening of the export surplus by 7. 84% This form of pressure,

which the Economic Survey, 1971 indicated might already have taken

place, would thus have a substantial impact on future growth

possibilities, while at the same time making it increasingly diffi-

cult to effect a permanent GDP account balance of trade surplus.
Accordingly, if the government had such an open choice as ‘to

‘the source of funds, they Would be wise to finance the needed

~.



revenue from indirect taxES leading to. the smallest inflationary
pressure, while still allowing a&moet all of the positive impact
of increased investment to pe known. Were it possinle to effect .
a permament loan to the government, then that solution would,result
in’ an even more favorable impact. .
Farlier, the narginal productivity of cap;tal in agriculture ‘
was computed as gfeater than in non-agricultural prodnEtinn;u itv
agricultural investment were increased by Kk 5 mi;lion, then the

increase in‘agriculturalrproduction~would more -than offset the

reduction in non-agricultural due to .a reduction in investment

' there of_KL»S million. Over a ten year perio& there would be an

increase in gross~domestic prodnct'of 0.88%. Such a shift,

Cif made permanent, would result in an increase in government

spending of K& 32;03 million. Provided the cost to the government

of-achieving such- an end is squwhat less than that amount, the

net impact as far as funds available to the government would be

positive (i.e., the deficit would remain essentially stable)

A
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THE MODEL AND THE SECOND DEVELOPMENT PLAN

If gpdglling is of value,kifvéhould-be able té-aésist
economic planners in the accurate derivation of their plans. While
the model that hqg‘herepqéorg'been créaged is'necessarily a
- small one, it still identifies and uses some of the ;ore important
values-df'éoncern topphe economic plénneré.  From the figures
derived many oéhér'figures can be ‘calculated and’some'of the Bféad
ouélineé of‘fhe’possiﬁle-dévelopment.plan'can be sketched.

.In-the éécond Development Planl a‘number>of.different forecasts
are made, If we take their forecasts for 1974 and assume that
thgre will be a constant growth from the 1969 figures until then,
we have the individual year forecasts. In some cases, the planners
provide more detail allpwing the actual fbrecasts for 1970 and
1971 to be' aerived';' ‘More detail on this will be provided later
in thiq chépter.

) In order for the model to bé»made ope;a;ionél, it mﬁét have
thé'exogenous_vaﬁiables supplied. Two possible methods were’q;ied.
The fitrst uges tie:estimétes for those ?xogenous variables as
derived from the'Development Plan, and the second uses the
estimates as der;ved from the performange of the economy during
the decade of the 1960's. The two estimates can be viewed as the
optimistic and the pessimistic projections, tﬁe former assuming

that the great changes are possible in the economy and the latter
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aésuﬁing that the changes that have been taking place will continue
to take place. ‘

TableVVI provides the.thrée,fo;gcasﬁ ratios.

A high)péréentége of the variables covered were more accutately
forecast by the model, using either of the two sets of ex;génous
variahle vdlues, than the Development -Plan forecasts f&r both 1970
and 1971. The Developmenf élan e;timates_were m&:e accurate bnly
for import tariff:collection on category bne (sITC 0-1) ‘and categofy »
two (SITC 2-4) type goods because'they Were better able to fore-
cast- changes in coverage and rate structure than the model. The&A
also made _morg accurate forecasts, albeit marginally so, for
agricultural investment in 1971, non—agricultural investment in
’1970 and the export bal;nce in 1971. None of the models predicted
: thé.exporéyﬁaiance for 1970 or 1971 well. - However, using the
standard errors of the predictions for both 1970 and 1971, at a
95% level of confidence only the tariff collections on SITC 0-1
© commodities were outside the pfédiction limits. All of the others
were weil within the c&ﬁfidence margin. . o

?he Dgyélopment Plan's forecasts for the values of the exogenous
values yielded a closer prediction than the ones constructed using
the data from the 1960'5. This was ﬁot true in the cases of:

(1) non-ﬁgriculgural labor force for both years, (2) imports of
* SITC 2-4 cqpm?dities fqr 1970, (3) exports of agricultural products

for 1971 and (4) exports of non-agricultural products for 1970.
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Using both versions of the medel, with exogenous variables
7 determined from past experiences and from the Development Plan,
. then a comparison with the Development Plan's forecast for the end
of the Plan can be nade. (Table VII).
Overall, the model shows the5government.ab1e to collect msre.

tax revenue than antieipated; but due mainly to a shift in tax

q

reliance'from direct to indirect taxes. ihe shortfall in_direct

taxes is more than made up in the over—-predicted collections in
categories two (SITC 2~4) import tariffs, cafegory three (sITC

5 -~8)- import tariffs and non—import indirect taxes- (includes_

SITC 9 tariffs) This is further demonstrated by a lesser

‘deflcit than forecast for 1974, albeit not sufficiently less to’
'substantially lessen the forecasted inflationary pressures. Notice,
in addition, that'private and public consumption will both be

”substantially more than forecast in the Plan. This, when combined”

with output that is only moderately higher than the forecast,

indicates that the problems with inflation will be much more severe

'than the planners believed they ‘would be.- These pressures have
alreagy beeP seen in the-economy. .
10verall, it does not appear that there will be substantial
problems in meeting the goals of the Second Development Plan except
“for direct taxes and non-agricultural investment. However, the
achievement will be marred somewhat by an inflation that will be

‘*gsubstantially greater thanvoriginally forecast.



RATIO OF THE MODEL'S FORECAST WITH THE DEVELOPMENT PLAN'S .
FORECAST FOR 1974 oo S

~.Variable  The Model Using The Model Using ~ The Full Model
- 7 - Exclusively the  Exclusively Prior .. With Actual Exog. .
Dev. Plan's Est- Experience to Est— for 1970-1971, and

_imates for all . imate all Exog. Prior "Experience
Exog. Variables Variables =~ . After Than
. : PRERZY S R . .
™ML . 0.689 . 0.634 - 0.888
T™Z 1.271 . 1.089 - ©1.108
™3 1.207 .~ 1.050 L 11257
ST " 0.884 0.805 = - 0.763
TIM 1.689 1.526 ° © . 1.433
’ 6C-- o 1.202 c 1,142 : Y 1,062
€I - - 1.166 . 0.984 1.065
 lag | 1.071 .. .1.080 T o1ass
Inag 1105 7L 0.845 - . == 0.908
Cons - 01,305 - 1.238 1.235
Q 1.155 -~ 1.159 1.097
Q, N 1.332 - 1.186 - Y 1.136
GDP 1.272 1.177 1.122
™ -.191 To<.072 - 0.859

D 0.900 0.879 o 0.840.



. VFéotnqtes for Chapter XI

£

‘1. " Republic of Kenya, Ministry of Economic Planning and Deveibpmeﬁt:

~Development Plan, for the Period 1970-1974 (Government Printer,
Nairobi, 1969). :

14
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XII

CONCLUSION

-

Although a sound model is herein developed, data limitationsA.
are still a problem in developﬂéht economies. Aé more and better
data becomes available, it will be poésible‘to construct a more
ac;urate instrumental estim;te model. Sinée‘the model needed
data for so many yeaf; in order to achieve sufficient statistical
Ldegrees of freedom; this study was unable to disaggregate the
résults as-much as ﬁould be neceaséry fdr a more concrete analysis
of fhe~Ke;ya‘economy. With. improved statisfiéél'coverage over
the nextifew years, further disaggregagiop and more equations will

be estimable. -

The model was constructed and analyzed in the light of struc-
'tural change in two specific years. .It would be worthwhile to
look into the possibility of finding structural change in m;re than
one'year simﬁltaneously, as well as to look at some.of the possible
séructural changes after independence. Since for the years.étilized
the degrees of freedom got as low as four it Qas not possible to
analyze coﬁffiéieﬁt chaﬁges in the post-independence years, where
it would get even lower. With more observation, clearer indications
as to the direction and nature of structural change can be achileved.
This will be of value in the forecasting.of change in the economy

for future Development Plan construction and analysis. This model

already performs better than whatever model the planners utilized,



However, its area for improvementlis extensive and deserves to be
undertaken as more information is amassed,

VSince the model was designed to address some vety limited.
questions, it does not reach sufficient breadth for other purposes.
With a larger model,>more of the interactions of structural chahge
can be achieved, as well .as indicating the possible impact of those
changes that might be initiable by the government. Neither is
this a policy options model but with a better comprehension of the
need, nature and impact of structural change it is hoped that
models of Kenya that include more policy .options can be accurately
constructed .

w

As even more worthwhile analysis would be to isolate those
forms of structural chaoge which exist due to growth and those
Which exist due to comscious development actions. This work cannot
make that distinction. VHowevet, such Information is necessary in
order to underetand policy optipns and their implications on the
attainment of economicrdevelop@ent goals. In order to achieve this,
some models; necessarily smallg%ithan the one constructed here, for
other countties may be constructed. Comparisone of the.nature of
the changes can isolate the unique from the relatively routine
elements of coefficient shifts.

An additional limitation of the current work involves the
assumptions that went into each of the acceptable formulations. If

any of these assumptions are violated, there will be problems in

achieving the results forecasted, A specific example 1s public

n
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investment. The model assumes that domestic taxation can be supple-
~mented by exteé;al loans and grants. If these do not continue as
they have over the last five years, then the forecastéd government

- dnvestment will not be possible at all, and instead the growth
orientation of the model will be séverely*curtailed.

Data dfawn from slightly”ovag 10% of the Kenya Development
Plan's pages were used directly in this model. Much of the ‘
remaining analysis is project apalysis‘and‘thus.depends on the
pacioeconomic variabies considered here. This model yielded moreb‘
accurate forecasts than whatever method the planners utilized. It
thus becomds incumbent upon us”té make sure that the information
providéed ié as accurate and flexible ag»posgible i;;oyger to meet
éhe needs of thé gdvernmenévfor comprehensive and informative

planning.

%
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APPENDIX A

NON~UTILIZED MODEL FORMULATIONS

Each of the tables within this"appendix presents the major
formulations for each equation that was attempted. The formula-
tions that were finally utilized (subject to adjustment for
serial correlation or structural change) are presented on page
47. There were many- other formulations that-were attempted for
eachﬂequation. A full listing can be provided

Each of the tables will present the coefficient determined
‘the name of the independent variable (defined below each table),
the standard<error, the Durbin—Watson statistic "and the Rz. After

.the standard error'qf-the éoefficient‘appéars between zero and .
three -asterisks, withrnone;indicating that the coefficient was
not significant at the 0.10 level of significance; one indicating
significance at the 0.10 level;.tno at the 0.05 1evel and three
at the 0.01 level. After the Durbin-Watson statistic appears
either a plus, minus, a question mark or a blank space with the
plus sign indicating that we can reject the hypothesis of no
serial correlation in faveT of positive serial correlation. The
minus sign indicates the same except that we show negative serial
»correlation, the question mark indicates that the Durbin-Watson .-
is‘in the aréa where no firm conclusion can be drawn concerning
the existence of positive or negative serial correlation. Finally,
a blank space indicates that there is no serial.correlation

according to the Durbin-Watson.statistic. If the acceptable for-
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. mulation was in the questionable range, we narrowed the Durbin-

Watson range via the Henshaw procedure in order to be a bit surer

. - e :
f'of-the ekistence of serial correlation. If the equation-showed - - -

definite serial correlation, then generalized differences were
performed. These results are shown in the main text. All of the
Durbin—Watson s are at the 0.0l 1evel of significance. '
After the Durbin—Watson is a colum labeled ratio. This is‘
the ratio of the computed values for the past two years divided

by the actual values w1th that specif1C'formulationa Thus, if the

value is greater than one, it indicates that the’ equation was

“overestimating: the most recent years, and, if the value is less

- - - Cas

_ than one, that the equation underestimated the most recent years.

Due_to ‘the forecastlng nature of the model it was'desired that

the forecasted values be within 5% of the actual’values.

4
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TABLE Al

AGRICULTURAL PRODUCTION FUNCTION

Standard

Equaation | Constant] Variaﬁle Error of the §2 Durbin Rétio
Number (1) . Coefficient Watson
AL} -0.627 |-0.0032Ti |y 0.003 .8446 | 1.956 | .922
, -0.04271gL/K| -0.045
A2 T | -0.124 0.01601gL/k{ 0.037 .8370 | 1.867 .927
A3 =0.0627 | =0.0033Ti 0.003 .9525 [ 1.956 | .922
- S 1.04271gK/L|  0.045%x#% ‘
AGHE | -0.1247 | 1.0161LgK/L| 0.37%%% .9502 | 1.867 |1.01 -
ASH#ME - | 0.736 | -0.241LgL-- |- 0.115%% .9995 1 2,200 |1.01
L 0.86581gK 0.081%#*
Ab#H =0.1276 | +0.0146We 0.0023%%* | ,9847 | 1.728 .980
1.0151gK/1 | '0.0209%%* - )

1) ﬁo*convert thisrto'the Cobb-Douglas actual format take the anti-
log

# Dependent Variable is log Q/K -

## Dependent Variable is log G/L

~### Dependent Variable is log Q

'Ti = time, 1950 = 1, 1970 = 21

lgL/k = common log of agricultural labor per unit of agricultural
capital '

1gK/L = common log of agricultural capital. per agricultural laborer

1gL =lcommpn log .of agricultural labor force

1lgk = common log“of agricultural capital stock

We = dummy variable, weather conditions

LgQ/L = common log of output in agriculture per agricultural worker

1gQ/K = common log of agricultural output per unit of agricultural
capital

lgq =

common log of output im agriculture




TABLE A2

NON-AGRICULTURAL PRODUCTION FUNCTION
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Standard 2
- Equation| Constant|  Variable | Error of the R Durbin | Ratio
Number (1) Coefficient Watson
‘BL# ~0.389 0.0008T1 0.006 {.563 L4625+ 1.159
i 1.05711gK/L{ -, 0.148%%% | : :
B2# -0.405 | 1.07591gK/L 0.809%%% |,557 425+ 1.147
B3 -2.06 -0.0098Ti 0.003*%% |.999 | 1.96 0.998
0.80261gL 0.098**%
’ 0. 91581gK 0,055%*% .
B4 -1.786 0. 8521gL 0.062%%% |,999.1 0.82+ 0.999"
. 0.6921gK 0.146%%* o
B5## -0.25 0.000071gL | 0.0003 .999 | 0.16+ 1.000
- 0.99991¢gCU 0.0004%%% -
-1.00001gk 0.0000%*%*
B6# - -0.25 -0.000011gL 0.0003 .999 | 0.08+ 1.000
: 0.99991gCUK 0.0001***%

(1) to convert to Cébb-Douglas. format take the anti-log

# Dependent Variable is log Q/L

## Dependent Variable is log Q

Ti = time, 1950 =
common log of - capital per laborer in non-agricultural activity
common log of non-agricultural labor force

1gK/L
1gL
lgk
1gCU

1gCUK

1gQ/L
1gQ

I n\on o

common - log of non-agricultural capital stock
common log of capacity utilization of capital in. non-agri-

1, 1970 =

cultural activities
common log of capacity utilization of capital times existent
capital stock in non-agricultural activity
common log of output per non-agricultural laborer
common log of non-agricultural output




=

time, 1950 = 1, 1970 = 21
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TABLE A3
THE CONSUMPTION FUNCTION
: Standard -2

‘Equation | Constant. Variable | . Error of the R Durbin’'| Ratio
_ Number Coefficient Watson

B I .

Cl 24,483 ~0.67DYL 0.394% . 994 3.08-] 1.01

+1.41DY le 0.371%%% i .
c2 10.69 0.760DY 0.015%%% .997 1.58 .986
c3 13.94 0.623DY 0.047%%% .999 1.84 . 993
- 0.560BD 0.019%**
cht 10.45 0.748DY 0.129%%% .997 1.66. .986
0.006KS 0.064 ) -
c5 1 10.58 0.763DY 0.035%*% .997 1.65 .986 |
. -.013In 0.137

cé 12.24 -.121Ti 0.873 - . 999 1.59 .986
: © 0.762DY 0.021%%% B

c7 16.95 ° | 0.701GDP 0.013#%% .999 1.729 . 989
DYL = lagged disposable income

DY = disposable income

BD = total deposits in commercial banks

KS = total value of capital stock i

In = total private and public, agricultural and non-agricultural

investment :
GDP = gross domestic product, factor prices
Ti =




TABLE A4
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AGRICULTURAL INVESTMENT FUNCTION

-

Standard

{Equation| Constant| Variable Error of the ﬁz Durbin | Ratio
Number Coefficient Watson
D1 1.206 0.539X1L 0.065%%% 1 0,957 | 1.380 0.938
D2 -6.579 0.186C1 0.0214%% 0.959 | 0.74+ { 0.939
D3 1.185 {-1.376C1 - 2.733 A 0.152 ; 2.396 1.127
4.127X1 7.209 i .
D4 0.764 0.083x1L 0.131 0.972 ] 1.388 1.009-
0.162BD 0.045%%% e
D5 -0.668 0.033c1 0.052 0.972 | 1.300 : 1.609
i 0.159BD T 0.049%%% .
D6 84.605 |-2.025C1L 9.149 - | 2.862 | 1.114
y 5.666X1 23.325 -
D7 103.317 3.988X1L 6.567 0.284°(" 2,651 0.809
"~.021pr0P 0.039

X1L = exports of agricultural

lagged

C1

BD
ClL

lagged .

POP

L

total population, mid-ye

product to non-East African countries,

consumption of domestically produced a

ar estimates

consumption of domestically produced agricultural products
exports of agricultural products to non~East African countries
total deposits in commercial banks

gricultural products,

53



NON-AGRICULTURAL PRIVATE INVESTMENT FUNCTION

TABLE A5
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GI
DC
BD

i nn

public investment .
the change in private cofsumption
total deéposits.in commercial banks
I2L = non-agricultural investment, lagged one year

DGDP2 = 'the change in non-agricultural production
XM = balance of trade, GDP account
X23 = export to non-East African countries of non-agricultural

products
X23L = exports to non-East African countries of non-agricultural

products, lagged
KS2L = non-agricultural capital stock, lagged

&

Standard _2
-1 Equation| Constant| Variable |[Error of the R Durbin | Ratio
Number " | Coefficient Watson
El 10.524 1.251DC 0.521%% .531 2.713 1.170
E2 2,044 0.063YP 0+036% 923 1.133? | 1.079
0.605GI 0.305%*
E3 2.304 0.037DC 1.831 .882 1.089? 1.075
0.382BD 0.613 :
E4 30.762 }-1.35912L 10.785 ~— 3.451 1.074
2.469DGDP2{ 11.412 -
E5 . 14.040 0.085xM . 0.296 .778 2,478 '1.093
. 1.071DGDP2|  0.304%*% ~ '
E6 2,296 | 0.707x23 |~ 0.402%* .926 | 1.1827 | 1.074
0.7376GI 10.239%%%
E7 1.074- | 0.239X23L | 0.755 {.879 | 1.056? | 1.061
- 0.349BD 0.159%%%
E8 ) 7.749 "0.338XM 0.219%" .905 - | 1.0947 1.089
1.248G1 0.228%%*%
E9 3.024 0.632GI © 0. 340%% .896 1.104? 1.085
0.033Ks2L 0.022%
YP = private sector income




TABLE A6

?DBﬂiC CONSUMPTION EXPENDITURE FUNCTION
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DPOP = the change in population, mid-year estimates

Sfaﬁdard 2
Equation| Constant | Variable | Error of the| R ‘Durbin | Ratio
Number Coefficient Watson
F1 -0.312 0.831T 0.026%%% .995 | 1.574 1.003
F2 19.364 0.208GDP 0,006%%% 1 .996 | 2,128 - 0.986
F3 -15.871 0.169GDP 0.083%% .996 | 2.116 0.990
0.152T 0.328
F4 -11.467 0.125YP - 0.068%* 2995 | 2.037 0.987
. 0.470T 0.193#%* _
F5 1 -22.649 0.252YPL 0.034%%% .985 | 2.589 0.983
7 0.033DPOP 0:015%% o ’
F6 -23.142 0.253YpP 0.030%%* .988 | 2.320 0.983
o 0.021DPOP |- 0.014%* . .
| F7 -9.014 " 0.098YPL - 0.044%% .997 | 1.760 0.988
0.570T - 0.114%%% |- S
T = total tax collections
GDP = gross domestic product, factor cost
YP = private sector income
' YPL = private sector income, lagged




TABLE A7

PUBLIC INVESTMENT FUNCTION
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Standard

k3

-Equation | Constant| Variable | Error of the ﬁz‘ Durbin | Ratio
Number : Coefficient Watson

Gl 4,27 0.064DPOP 0.035%* .508 1.77 0.966
—7912YP -0.073 ) .

G2 - 86,962 | ~7,30Ti 0.469% .293 0.32+ { 0.968
0.253YP 0.107%* . o

G3 21.514 | -0.259YP ©0.060%%x% .962 1.993 { 0.989

) 1.384T 0.227*** N ‘

G4 22.330 | 1.463T 0.262%%x | .960 2.238 | 0.996 |
-.287YP 0.074%%% .
0.392T1 0.492

G5 '28.646 | -.287GDP 0.081%%% ..944 | 1.890 | 1.016

) C1.924T 0.427%%% - -

DPOP = the changé in population, mid-year estimates

YP = private sector income

Ti = time, 1950 = 1, 1970 = 21

T, = total tax collections

GDP = gross domestic production, factor cost



DIRECT TAX COLLECTIONS FUNCTION
(includes land premia, income taxes, personal taxes,

TABLE A8

" export taxes)

102

1 Standard _2
Equation | Constant| Variable [Error of the .| R Durbin | Ratio
Number Coefficient Watson
H1 -7.083 0.082NI - 200.006*** .976 0.73+ | 0.966
H2 33.261 0.205NT 0.025%%% .986 3.14? 1.017
~-.009P0P 0.002%%% ]
H3 -14.022 1.669NI 0. 228%%* .930 1.737 0.993
1.869(T-CGY 0.B22%%* . ] D
H4 40,198 0.257N1IL 0. 049%**% .965 2.393 1.025
, -.11POPL - | = 0.003%%% o
H5 -31.863 0.Q51NT . 0.014%*% 1,965 1.441 1.042
- 173.439RGL 56,857%%*. o
Ni = gross doﬁestic-product, factor cpst, less depreciation
estimates
POP = total population, mid-year estimates
(T-CG) government balance on current account
NIL = gross domestic product, factor cost, less depreciation

estimates, lagged
RGL = total government spending divided by gross domestic
product, lagged

POPL =

total population, mid-year estimates, lagged




NON-IMPORT INDIRECT TAX COLLECTIONS FUNCTION

TABLE A9 _
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(Includes excises, stamp duties, petro-diesel taxes, ‘licenses,
‘ete., and import tariff collections on SITC 9 commodities)

Standard

Equation| Constant ' Variable |Error of the| §2 Durbin | Ratio

Number : Coefficient Watson

I1 -9.588 0.147Q1 0.0L7#%*% .937 1.832 ‘0.914

12 ~-11.956 0.202Q1x 0.024%%% {,937 1.751 | 0.906

I3 -31.383 3.573Q11 0.413%%% .932 1.728 0}900‘

14 -1.893 -.012Q1 0.099 .964 | 2.096 | 0.979 -
: 0.074Q2 0.045% - "

15 J -7.430 ‘0.075Q1 o} 0.076 903 1.604 0.918

oo 0.26012 0.257
I6 -9.861 0.156Q1 0.027%%% |.857~-| 2.327 | 1.094
. -.603DI2 0.754 v o

17 -12.513 0.182Q1 0.034%%%. [, 905 2.087 0.925

o 0.424(T-CG) 0.467

I8 11.850 -2.22801 3.946 .934 1.915 0.983

0.197Q2¢ 0.133*

19 -4.735 0.047GDP 0. 004%%% .961 2.049 0.955°

110 -5.855 0.067Cons 0.006%** |,963 2.176 0.969

Q1 = agricultural output

Q1X = non-exported agricultdral output

QlI' = agriculturdl .output, less agricultural investment

Q2 = non-agricultural output

I2 = non-agricultural investment

DI2 = the change in non-agricultural investment

(T-CG) government balance on current account
Q2G = gross domestic product from non-agricultural production less

government consumption and non-agricultural investment
GDP = gross domestic product, factor cost
Cons = private consumption




IMPORT TARTFF COLLECTIONS ON SITC O-1 COMMODITIES

TABLE AlQ0

(food, beverage and tobacco)
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(T-cG) government balanceon current account,. lagged-one year

QlGN
RG -

domestic product

e o » |_Standard 2|
Equation| Constant| Variable Error of the R” Durbin | Ratio
: Number : - Coefficient Watson
J1 - -0.771 0. 509MW1 ..0.773 558 | 1.036? | -.683
J2 1.88 0. 069MW1 0.084 - | .900 | 2.028 | 1.034
_ ' -.060(T-CG)L| -0.057 : :
I3 2.548 - | 0.047MW1 0.089 .679 | 2.271 | 1.084
o -.736Q1CN 0.658 . , R
Jb 0.542 [ 0.152MW1 | 0.039%%* | 1965 | 2.523 | 1.005 |
5.381RG 3.000%% | -
MWl = non-East African imports of SITC 0-1 commoditles

gap of actual and potential agricultural output per capita
=.total government contribution to GDP div1ded by gross
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R ¥

, TABLE A1l -
iMPORT TARIFF‘COLLECTIONS ON SITC 2-4 COMMODITIES
T Standard o |- 1 _
| Equation |Constant Variable | Error of the R Durbin | Ratio
. Number | Coefficient " g | Watson [
X1 .=3.810 0.634MW2 0.068**# .962: 1.1107 | 1.049
K2 7.250 1.083Mw2 s 0.542%% .798 1;480' 0.958°
' -82.269RG 90.825.

K3 2.639 .. 0.851MW2 : 0.245%%% | 843 | 1.148 |- 0.970

r-46 342RGL 42 624 ' .
K& -3.325 | o. 518MW2 o 079***_‘,.937 1.766 | 1.017.

’ -.193(T-Ce)|. 0.119%* v -

MW2 =- import of SIIC 2- 4 commoditles from non-East African countries
-RG 7= total gobernment contribution to GDP divided by GDP
.RGL = total government contribution to GDP divided by GDP, lagged
(T=CG) = government balance on current account, lagged one year !



IMPORT TARIFF COLLECTIONS ON SITC 5-8 COMMODITIES

TABLE A12
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(Chemicals, finished products and manufactured items)

RG

RGL

by gross domestic product, lagged one year

DRG =

the next

(T-CG) = government balance on current account, lagged one year

e’

o . Standard _é
Equation|Constant Variable Error of the R Durbin | Ratio
Number Coefficient Watson
|1 -4.453 | 0,207MW3 | -,0.016%%* | .971 | 0.922+ | 1.020
L2 12,324 0.338MW3 0.338MW3 +941 1.914 0.939
-124,375RG 82.178%* '
L3 5.869 ©0.274MW3 0.053%%% -939 1.343 0.948
‘ ' -73.821RGL | 47.133% ‘
L4 -3.548 0.179MW3 0.054%%% 724 1.730. 0.966
180.854DRK - 246.4007
|Ls -3.136 | 0.167MW3 | 0.025%%* | .960.. | 3.241- | 02989
~.262(T-CG) :
MW3 = non-East African iﬁports of SITC 4-8 commodities

total government contribution to gross domestic product divided
by gross domestic product.
total government contribution to gross domestic product divided

the change in total government contribution to gross domestic
product divided by gross domestic product, from one year to




107

APPENDIX B

STRUCTURAL CHANGE LOGS

v

" In the following tablﬁé.therstédctural chénge ldgs dn the
éduatibnélwhich were accepted dufing the fourth chapter are
presented. For each of the acceptable formulations an.attempt
was made to find vhether -there was Statistically significant
structural change. The method utilized was éxplained in Chapter
ITI. Additional regressions on each equation utilizing dummy

variables were run. As an example we use the first equation

~J:eport‘ed‘in Table Bl.

log (@/L;) == 2L4LK) 4 0884(0) (d) + L0263 (We)
- TOOSO(We)(d) + .6577 (log [K1/L1])
+ .3916 (log [Kl/Lll)(d)

where all of the variables are as they were defined in Chapter IV,

"with K standing for the constant term (i.e., the colum vector of

the weights) and nar for ‘the dummy variable term. In this case it
stands for structural change in 1960 and only takes a positive
value after that year. If all of the coefficients with the dummy
variable term were significant then the coefficients were not
significant, thus - indicating a lack of proof of structural change
in that variable, the equation was re~-run dropping that dummy term.
The results of these runs are also presented on the following pages.

When a term was not subjected to structural change a bar (—)

59
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appears over the name of the variable.

For each of the equatidns we provide the value of the coef-
ficients (i.e., in the above casé we sum the first twé céefficients
to ~.1297) as well as .the variable name, After this appears
from zero to five stars with no asterisks indicating that the dummied
variable was ndt éignificant at Ehe 0510 level; one indicating
significance at the 0.10 level; fwo at the 0.05 level; three.at tge,
0.025 level; four at the 0.01 levei and five at the 0.005 level.
After this appears thé ﬁz, followed by the sum of the squares of .
the residgals, the Durbin-Watson (plus an indiéation of positive
serial correlatioﬁ [+1, negative serial correlation [-1, in the
questionable gange [2], or ni serial corrglati;n show;:[g blank

spaée])) After thiéiis the standard error of the estimate.

~ The complete logs are évailable.
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