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Review of estimation methods

The model assumes that Z has the following structural representation:

Z=38@®+T ML N, (2.19)

where 1, is n-vector of structural shocks, E(7,) = 0 and E( My =1 (a
simple normalization). From the estimated reduced form, the structural
form (2.19) can be recovered using the following relationship:
LIo=Q =T n, andCL)=T (L) I .

Thelong run covariance matrix of thereduced form isequal to C(1) QC(1)'.
Equations (2.18) and (2.19) give the following expression:
chacCay=raray. (2.20)

This relation suggests that the matrix I’y can be identified with an
appropriate number of restrictions on the long run covariance matrix of

the structural form.

Let the log of output be the first variable in the vector Z. Itis then equal
to:
Ay, = p, +T3(L)n} +TyL)ny, (2.21)

where m} is the vector of permanent shocks affecting output and nf is
the vector containing shocks having only a transitory effect on output.
Potential output is then expressed as:

Ay? = p, +I7(L)n}. (2.22)

Thus, "potential output" corresponds to the permanent component of
output. The part of output due to transitory shocks is defined as the
"output gap", that is:

Ay; = Ty(Lymy. (2.23)
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Review of estimation methods

where it is computed as a residual. A trend is then fitted to the residual,
TFP, inorder to obtain an estimate of trend productivity to be used in the
estimation of potential output where a "normal" level of efficiency of factor
inputs is assumed. The trend efficiency level is usually measured as the
HP filtered Solow Residual®.

To obtain the potential output, assumption on the potential employment
needs to be made. Most studies have different assumptions on how to
estimate potential employment (see for example de Brouwer 1998; Cerra
and Saxena 2000; and Dennis et al. 2002). However, the main concern is
to find the level of employment that is consistent with non-accelerating
inflation or the NAIRU (non-accelerating inflation rate of unemployment).
In Denis et al. (2002), potential employment is generated from a smoothed
labour force series, which is generated by applying a HP filtered
participation rate to the working age population figures. The smoothed
participation rate leads to a less volatile labour force series. Then, potential
employment (L*) is computed to be the labour force (LF*) minus the NAIRU
estimates'®, that is: _

L* =LF*(1 - NAIRU). (2.27)

Formally, the potential output (Y*) is therefore given as:
Y = TFP" (L)% (2.28)

The production function approach can provide usefulinformation on the
determinants of potential growth. Despite the difficulty in estimation,
this approach is intuitively appealing, and is widely used (see De Masi

1997; and Denis et al. 2002). One advantage of using the production

" Since productivity growth changes over time, a simple linear trend is inappropriate.
s See for example, Straiger et al. (1996) and Debelle and Vickery (1997) for NAIRU
estimation.
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Altemative methodologies for measuring Kenya's potential output and output gap

function is that it is capable of highlighting the close relationship between
the potential output and NAIRU concepts, given that the production
function approach to calculating potential output requires estimates to be
provided of "normal" or equilibrium rates of unemployment. Moreover,
the productio-n function approach provides the possibility of making
forecasts, or at least building scenarios, of possible future growth prospects
by making explicit assumptions on the future evolution of demographic,
institutional, and technological trends. However, given the significant
amount of data requirement for this approach and a whole wide range of

assumptions to derive variables, this method is difficult to use.

Aside from the difficult estimation process, the production function method
has also several weaknesses (see Laxton and Tetlow 1992). For example,
Laxtonand Tetlow (1992) pointed outthat there had been no useful model
of estimating the productivity and hence, estimates were based on trend
and therefore potential output was essentially exogenous time trends.
Moreover, the problems of trend elimination for GDP are shifted to the
trend estimates of the inputs. Detrending techniques such as the HP filter

are used for smoothing the components of the factor inputs.
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3. Empirical Estimates of Potential Output
and Output Gap

The estimation of potential output and output gap for Kenya in this study
uses a database from the KIPPRA-Treasury Macro Model'* (KTMM) and
Economic Surveys published by the Central Bureau of Statistics of Kenya.
The data include annual information on GDP at factor cost, private
consumption and capital stock all at constant 1982 prices from 1972 to
2001; labour force and inflation 1986 based. Data on "not employed rate"
to proxy unemployment rate and total employment were derived (see
Appendix). The followingsub-sections present the estimation resultsfrom

different methodologies discussed in Section 2.

3.1 The Linear Method

The simplest trend-cycle decomposition method, which uses the linear
method, yields the following equation for estimating Kenyan's potential
output:

y, = 33.3889 + 25033 Trend (3.1)

(0.6825)  (0.0384) (s.e.)
(48.9213) (65.1146)  (t-ratio)
R? =0.9934 DW =0.5240.

The results show that the coefficients of the estimated equation are highly
significant and that the regression line is close to a perfect fit. However,
the Durbin-Watson statistics show some evidence of autocorrelation in

theresiduals, which implies that the model is misspecified.

'* The database are comprised of information collected from different sources, most of
which are from official government records and largely from Central Bureau of Statistics
of Kenya (see Geda et al. 2001; and Huizinga et al. 2001).
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Altemative methodologies for measuring Kenya’s potential output and output gap

The estimates of potential output based on the linear trend are shown on
Figure 3.1. The figure shows that potential output in 2000 and 2001 are
above the actual output with growth rates of 2.4 percent for both years
(Table 3.1). According to this method, growth in Kenya's potential output
has been declining steadily over the period of the study (ie. 1972 to 2001).
This, to a large extent, suggests that there have been unsustained and
fruitless efforts to achieve high growth rates. Moreover, sustained negative
output gaps are observed in four periods: 1974-1977, 1983-1987,
1993-1994 and 2000-2001 with lowest points at - 4.6 percent, -4.3 percent,
~1.8 percent and - 3.5 percent, respectively. Figure 3.1 also shows that
from 1972-1987, Kenya’s economy in most cases was in excess capacity,
while in the later periods from 1988-1999, the reverse is observed. Itis
worth observing that since 1996, there has been a prolonged period of
declining output potential.

Figure 3.1: Kenya potential output, growth, and output gaps based on
linear method
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Empirical estimates of potential output and output gap
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Alternative methodologies for measuring Kenya’s potential output and output gap

Table 3.1: Kenya potential growth rates and output gaps, 2000-2001,
calculated using different estimation methods

Estimation method Potential growth (%) Output gaps (%)
2000 2001 2000 2001
Linear method 242 236 -2.39 -3.49

Hodrick-Prescott method

100 1.94 1.88 -1.28 -1.94

1600 233 227 -2.09 311
Beveridge-Nelson

Univariate -2.86 4.64 3.28 -0.12

Multivariate 1.59 1.21 166 -0.74
Structural VAR 1.34 -0.79 0.28 -1.01
Production function 1.48 0.77 -2.66 -2.24

Source: Estimates.

3.2 The Hodrick-Prescott Method

For the Hodrick-Prescott (HP) estimations, two alternatives for the
smoothing parameter ), wereconsidered namely: A =100and A =1600.
In both cases, actual output is lower than potential output in 2000 and
2001, which suggests that Kenya’s economy is currently in excess capacity
(see Figure3.2). Results from HP(100) showed that potentialoutput growth
is about 1.9 percent in 2000 and 2001 while HP(1600) gave a potential
output growth of 2.3 percent in both years. Negative output gaps were
also observed in the same period as in using the linear trend method. In
most cases, the peaks and troughs of HP(1600) are larger than HP(100). It
can be observed that the results of HP(1600) are closer to the linear method,
which coincides with other empirical results. For example, the growth in

the potential output in the latter method is 2.4 percent while potential
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Empirical estimates of potential output and output gap

output growth in the former is 2.3 percent in 2000 and 2001. This is not
surprising since the higher the value of the smoothing parameter, the
closer its estimates to the time trend.

Figure 3.2: Kenya potential output, growth, and output gaps based on
HP filter with smoothing parameters 100 and 1600
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of potential output growth for Kenya’s economy. The results using this
method had a potential output growth of 4.6 percent in 2001 for Kenya's
economy', which is the highest rate compared to the estimates of the
othermethods used in this study. On the other hand, it produces a potential
output growth of -2.9 percent in 2000. The cyclical component of output,
which is the output gap, does not have distinct “cycles” compared to the
HP and linear methods. Much of the output gaps observed are negative
over the whole of the study period.

Figure 3.3: Kenya potential output, growth, and output gaps based
on univariate Beveridge-Nelson decomposition method
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" The World Bank also found an output potential growth of around 4.6 per cent for Kenya’s
economy as contained in a draft Country Economic Memorandum (CEM). This figure, how-
ever, was derived using panel regression results of different countries and paid particular
emphasis on the correlation of Kenya's circumstances to those of some of the countries in the
panel results used in the CEM analysis.
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3.3.2 Multivariate Beveridge-Nelson Method

The estimates of the multivariate Beveridge-Nelson (MBN) decomposition

method were derived by estimating a vector autoregressive representation

of the variable Z, which is composed of the change in output (Ay,) and the

difference between output and private consumption (y, - ¢,) representing

the cyclical demand (see Dupasquier et al. 1999). Both series are found to be

stationary, I(0). Then, the estimates of the VAR(2) model were inverted to

30
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obtain its vector moving average representation. The number of lags of the
VAR(2) model was chosen using the AIC*®.

The estimates of Kenya's potential output using MBN also tracked the
actual output very closely (Figure 3.4). The series of the potential output
growth is also highly volatile, but the peaks and troughs are shorter than
its univariate counterpart. However, the cyclical component of the MBN
tends to have more cycles, although the dating periods do no coincide
with the cycles of the HPs. The turning points of the MBN seem to lag by

one or two periods to those of the HPs.

The MBN results showed that actual and potential output are almost at
the same level in 2000 and 2001. The MBN estimated a relatively lower
potential output growth of 1.6 percent and 1.2 percent, respectively in
2000 and 2001.

Figure 3.4: Kenya potential output, growth, and output gaps based on
multivariate Beveridge<Nelson decomposition method
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Empirical estimates of potential output and output gap

3.4 Structural Vector Autoregression Method

As in the MBN decomposition method, a vector autoregressive
representation of the variable Z were first estimated and then inverted to
derive its moving average representation. The identifying restrictions
discussed in Section 2 were used to recover the structuralinnovations. A
similar set of variables from MBN estimation were used in the structural
vector autoregression (SVAR) estimation that is, the change in output
(Ayt) and the difference between outputand private consumption (y,~ c,)
representing the cyclical demand, therefore Z = [(Ay, (y - c)]’ (see
Dupasquier et al. 1999). The methodology assumes that output in first
differences follows a stationary stochastic process responding to two types
of structural shocks, namely: permanent (supply, g,,) and transitory
(demand, g,). AsinDupasquieretal. (1999), itis assumed that demand
does not have a long run effect on output, which implies that the matrix of
long run coefficients C(1) is upper triangular. The long run representation

for variabie Z, is given as:
‘- Ay, :, = [Cu(l) Clz(l):‘ ' l:ssl:' (3.3
(y-c¢), C,(M) C,,(M)] [ea],

where C (1) is assumed to be zero, which implies that output is affected
only by supply shocks. The assumptions on the covariance matrix and
the long run restriction on output were used as the identifying restrictions

to recover the structural disturbances.

The impulse-response function (Figure 3.5) based on VAR(2) model shows
that supply shocks have a positive long run effect on output while demand
shocks tend to have shorter effects. However, results showed that supply

shocks do not have a permanent effect on output as responses diminish

with time.
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Figure 3.5: Responses to one S.D. innovations + 2 S. E.
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Empirical estimates of potential output and output gap

The structural VAR results show that estimates of potential output also
follow closely the movements of the actual output (Figure 3.6). This
approach produced estimates of potential output growth of 1.3 percent
and -0.8 percent for 2000 and 2001, respectively. The VAR potential output
growth for 2001 is the lowest estimate compared with the other methods
(Table 3.1). However, the series of potential output growth resembles to
some degree of similarity the movement of the actual growth series. The
estimated output gaps using structural VAR showed some small but more
frequent cycles and more negative output gaps over the sample period

even in the earlier period.

Figure 3.6: Kenya potential output, growth, and output gaps based on
swructural vector autoregression method
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3.5 The Production Function Method

In the estimation of potential output using the production function
approach, severalvariables or pieces of information are needed. The basic
ones are the total factor productivity (TFP), potential employment (L*),
and capital stock. The capital stock is given using the KTMM data, while
the TFP and L* were derived" . The TFP is the calculated residual from
the regression of the log of output on log of capital and log total
employment. The HP method was applied to the calculated residual to
obtain an estimate of trend productivity. Several forms of the Cobb-
Douglas production function were estimated®. The model, which excludes
technology yields the best estimation results for ., the share of labour in
output, which was found to be equal to around 0.76. Similar estimations
for European countries found an estimate of 0.62 (see Dennis et al. 2002).
It is also noteworthy to mention that more recent US data showed that the
ratio of labour income to total income is about 0.70 (see Mankiw 2000).
Hence, the estimated & = 0.76 seems to be reasonable for Kenya's case. In
the estimation of potential employment, an estimate of NAIRU is necessary.
In this study, the procedure from Debelle and Vickery (1997) was adapted

and results are given in Appendix B.

The estimated series of potential output from the production function
approach follows the movement of the actual output closely in most
periods; thatis, from 1974 up to 1989 (Figure 3.7 - Panel(a)). A wider gap
was observed between actual and potential output in periods between
1990 to 1994 and 1998 to 2001. The 1990-1994 period was dominated by

19 See Appendix B for procedures in derivation of data used in the estimation of
potential output using the production function method.

2 Models, with and without technology as one of the explanatory variables, were
estimated. Technology in the form of Harrod-nuetral and Hicks-nuetral technical
progress were both considered.
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positive output gap, which implies that the Kenya’s economy was most of
the time operating at excess demand. Consequently, this particular period
is when inflation in Kenya was also rising. Since potential output is the
sustainable non-inflationary level of output, its estimates during the same
period reflect a downward pressure on potential employmentdue to high
inflation, which made the estimate of potential output to be lower than
the actual output. On the other hand, the 1998-2001 period was dominated
by a negative output gap, which implies that there was excess capacity in

the economy.

Figure 3.7: Kenya potential output, growth and output gaps based on
production function approach
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The calculated potential output growth, in most cases, is characterized by
regular, small fluctuations. However, the fluctuations become volatile in
the 1990s (Figure 3.7 - Panel (b)). These results also reflect the highly
volatileinflation inKenya during thesame period. One interesting result
is that the growth in potential output is generally declining towards the
end of the sample period except in 1993-1995, which copies similar trend

from the other methods.

The results of the estimated output gaps as a proportion of the
potential output from the production function approach are given in
Figure 3.7 - Panel (c). Like the results using other methods, the estimated
series shifts from positive to negative quadrants from time to time and
records a negative output gap in the last few years of the sample period.

However, the fluctuations are not regular and there are no definitecycles

in the series.
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4. Summary and Conclusions

This study attempts to estimate Kenya’s potential outputand output gap
using different methods, namely: the linear time trends, the HP method,
the univariate and multivariate Beveridge-Nelson, the structural VAR,
and the production function approach. Each method has advantages
and disadvantages as discussed in Section 2. The estimation results for
the values of potential output level and its growth, as well as the output
gap vary from method to method. However, results from most methods
seem to be consistent with one another, which means that a consensus
may be built on how Kenya’s economy has been performing in terms of its

potential capacity and growth.

4.1 Potential Output Growth

Tables 3.1 and 4.1, respectively, summarize the potential output growth
in 2000 and 2001, and the average five-year growth from 1973 to 2000.
Estimates of potential output growth in 2000 using different methods
ranged from -2.9 (UBN) to 2.4 (linear method) percent, while in 2001 the
range is -0.8 (SVAR) to 4.6 (UBN) percent. The univariate Beveridge-
Nelson (UBN) gave results that are extreme in both years; that is, the
lowest growth in 2000 and the highest growth in 2001. Although the
magnitudes of growth are different from method to method, all results
show a decline in potential growth from 2000 to 2001, except for the case
of the UBN method.

From Table 4.1, a generally declining trend in potential output growth
over the sample period can be observed. The average growth in 1976-
1980 gave a range of 5.03 (HP100) to 6.42 (UBN) percent. In the same
period, the growth estimates from all methods are higher than all their

corresponding results of five-year growth averages from 1981 to 2001.
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Similarly, each method estimate of the average growth in 1996-2000
ranging from 0.84 (UBN) to 2.61 (SVAR) percent is the lowest, compared
to the corresponding five-year average growth in each method for all years.
Estimates of potential output growth in 2001 from each method are
consistently lower than each of the corresponding five-year averages in
the earlier years. This discernible general declining trend in the growth of
potential output was also observed in the actual output or the Kenya’s
GDP growth. Actual output grew at an average of 5.82 percent in 1976-
1980 and reduced to 1.99 percent in 1996-2000, while a growth rate of

1.20 percent was recorded in 2001.

Table 4.1: Actual and potential output five-year average growth (%)

Year Actua] Trend HP(100) HP(1600) @ UBN MBN SVAR PF
1973-1975 297 6.32 5.73 6.49 15 006 370 7.21
1976-1980 582 520 5.03 5.21 642 619 625 551
1981-1985 3.58 4.12 4.28 4.17 433 3.81 263 4.86
1986-1990 497 342 372 3.46 436 476 543 267
19911995 231 292 2.82 288 267 268 162 3.70
19962000 199 255 218 246 084 168 261 235
2001 120 236 1.88 2.27 465 122 079 0.77

Source: Estimates




Swnmary and conclusions

4.2 Output Gap

To derive a good insight, the estimates of the outputgap from the different
methods may be compared to the expected outputgap in Kenya's economy
with respect to the different important economic events, both domestic
and international. These are the first oil shocks that occurred in 1973-
1974; the coffee boom in 1976-1977; the second oil crisis in 1979; the drought
in 1984; the beginning of the implementation of the structural adjustment
programme (SAP)? in 1986; and the rising inflation at the beginning of
the 1990s. During the periods of oil crises and drought, negative output
gaps may be expected since these shocks would have lowered economic
activity due to higher costs of production and lower revenues. Hence,

actual output is lower than potential output.

On the other hand, the periods of coffee boom, implementation of SAP
and rising inflation may have increased aggregate demand due to
expansion in economic activity or increased money supply in the

economy. Inthese cases, positive output gap may be expected.

The estimates of output gap series using linear trend, HPs, and the
production function approach tend to follow the expected pattern (see
selected plots of output gaps, Figure 4.1). The estimates from both the
univariate and multivariate Beveridge-Nelson methods contradict these
expectations. The estimates from the structural VAR, on the other hand,
did not match the full expectations. Towards the end of the 1990s, only
the output gap estimates using the production function method turn
negative and continue its course until the beginning of 2000s. Output
gaps from HPs and linear trend turn negative in 2000 and 2001. All the
other estimates take on a negative swing in 2001. The positive output

2 This SAP was financed by the World Bank
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gaps around the middle of 1990s are more difficult to explain. However,
theintroduction of various structural reforms in 1993, such as the removal
of price control, import licenses, and foreign exchange control may have
had lag effects on stimulating higher growth. That not withstanding,
slow growth in actual output persisted until the beginning of 2000s.

Figure 4.1: Kenya output gaps - comparison of the trend, HP(100) and
production function method
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4.3 Declining Output Growth Potential and Economic
Recession

Although various methods produce varied results, they however provided
a broad consensus on the overall trend and performance of Kenya's
economy. This study found that firstly, potential output growth has been
declining over the recent time and secondly, Kenya’s economy has been
contracting in the recentyears. This trend is observed from the simplest of

the measures, which uses the linear trend of the economy's growth
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performance as the measure of potential output. These consistent results
on the decline in potential output are indicative of capital destruction in
most of the period covered by the study, as well as the stagnation of the
joint productivity of labour and capital in the economy. The important
point s that, whatever methodology is employed to estimate both measures,
itis clear that the potential output growth of the economy has been fa]ling
and is estimated to be currently ataround 2.4 % on the basis of the Hodrick-
Prescott and linear methods. This growth rate is confirmed by the five-
year average potential growth rates (1996-2000) arrived at using the
structural VAR and production function techniques.

There was also a broad degree of consistency in all methods in terms of
the sign and the size of the output gap. While this study has confirmed
the existence of a negative output gap in the recent past, it does however
raise an important issue, which can easily be ignored. That is, due to the
declining output growth potential of the economy over the years, the
output potential is not as large as one might think. This is an important
result with majorimplications on the extent to which expansionary fiscal
policy and a relaxed monetary policy can be utilized in the short-term to

steer the economy towards its potential output growth rates.

4.4 The Stagnation of the Multifactor Productivity

One of the methods used in this study involved the estimation of an aggregate
production functionof Kenya’s economy. The production function approach
. not only allowed the determination of the shares of labour and capital in
output, but also the productivity of these two factors. The study showed
that the labour share of income is around 0.75 and that of capital is
approximately 0.25. The estimated share for the labour factor is slightly
higher than the 0.7 that has been estimated for the US and 0.65 for thre'Euro
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area economies. In thinking about growth, the most important estimates
are those of the total factor productivity of capital and labour, which
captures the contribution to growth of technological advances. In simple
terms, total factor productivity when viewed with respectto afactor such as
labour shows the output per worker. This study has found that total factor
productivity has been contributing very little to economic growth, and its
own growth has been declining in the last decade (see Figure 4.2).

Figure 4.2: Estimated total factor productivity for Kenya
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4.5 Conclusions and Implications for Monetary and
Fiscal Policies

This study tends to favour the results derived from the HP method, as they
area better reflection of thereality. Moreover, sincethereis less data used and
fewer assumptions made using this method, the study belieyes that there are
fewer errorsin the HP results. The estimates from the MBN and structural
VAR could be faulted in the case of Kenya from the residual nature in which

consumption (an important variable in the series used in the estimation) is
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arrived atin the constructionof Kenya's National Accounts. Here, the Balance
of Payments (BOP) and investment surveys are lumped in the residual, which
constitute the consumption-expenditure figure. On the other hand, although
the use of the production function s very appealing, the uncertainties on the
reliability of data used and assumptions made to derive variables make it

difficult to ascertain the results.

The results from this study also give important insights in relation to
Kenya's monetary and fiscal policies. Theimplications of the findings of

this study on monetary and fiscal policies are presented below.

1. How loose the monetary policy should be and what are its

implications for the bank rate?

As mentioned earlier, potential output and output gap measurements are
an integral partof monetary policy formulation. Indeed, in countries where
inflation targeting framework is used, the output gap is the most important
determinant of how loose or tight monetary policy should be in order for
the inflation target to be obtained at maximum growth. In the Kenyan
situation, while an inflation targeting framework is not used by the Central
Bank, the recent directive by the government that a neutral benchmark for
interest rates be developed makes estimation of Kenya's output gap
important. This is precisely because the bank rate should take into
consideration the outputgap prevailing in theeconomy and the difference
between observed inflation?, and the targeted inflation among other

economic fundamentals.

The estimated output gap in this study indicates that the actual output of

2 Dye to the uncertainty that we have argued and shown to prevail in the measurement
of output gap, it is important to add that monetary authorities in Kenya would be
expected to use additional information. The application of “gut-feeling” or informed
hunch is an accepted practice all over the world, especially where data is a problem.
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the economy is currently below its potential. This means that in order to
stimulate growth, thereis room to relax monetary policy withoutinflationary
pressures building up. However, due to the declining potential output
growth of the economy over the last decade in particular, the extent to
which monetary policy can beloosened is much lower. The negative output
gap is around 2.5% of potential output, contrary to the extensive excess
capacity that is thought to exist. As for the bank rate, the output gap that
has been established in this study implies that interest rates need to be

lower than where they have been in line with a loosened monetary policy.

2.  On budget deficit

The other important implication of the findings of this study is to do with
the budget deficit. Just as in the case of monetary policy, the output gap
estimated in this study suggests that there is room for the government to
run a budget deficit without the fear of creating inflationary pressures.
However, the fiscal expansionary policy must bear in mind the declining
potential output growth that the economy has been experiencing,
implying that there is a much lower limit to the extent to which the budget
deficit can grow. And because of the declining potential growth, it would
be more appropriate if fiscal expansion were aimed at those expenditures

that would lead to an increase in the economy's long-term growth potential.

3. The strong case for structural reforms

Inconclusion, itis clear that while there is room for the use of expansionary
‘fiscal and monetary policies, this room is not very much. This being the
case, the focus should be directed at structural issues that would reverse
the declining growth of productivity in the economy. In particular, the
recurring theme thatthe fiscal structure of government expenditures needs
to be revisited is strengthened by the results, with a bias towards higher
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spending oninvestments. The labour market reforms that would contribute
towards increasing labour productivity are also suggested by these results,
if the stagnation in the productivity of the economy is to be addressed.
Thesestructuralmeasures, among others, are likely to bear more positive
results rather than just relaxation of monetary policy where scope is

limited by the narrower output gap.
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Appendix A: Structural VAR Estimation Procedure for Potential Output
and Output Gap

The estimation of potential output and output gap using a structural
VAR method involves the following steps:

1. A reduced form equation of the following form was estimated thus:
P
Z=pn+ E:i=lnizt—i t e, (A1)

where 1 and [T are the vector and matrix of coefficient, respectively; p
is the number of lags; g . is the disturbance or the error terms; and Z =
[ Ay, ] Variables are defined as in Section 3.4.

(y-c¢),

2. Estimate theresiduals from the estimated equation above and
derive the covariance matrix of the residuals.

3. Estimate the long run matrix coefficients, C(1), that is the long run
multipliers or the impulse response coefficients.

4. Estimate the I, matrix by imposing restrictions. Then estimate the
structural errors (7)) using the relationship 7, = f‘o_le .» and lastly
estimate the gamma coefficients (I",).

5. Potential output is derived using equation (2.22) and output gap is
derived using equation (2.23).

Appendix B: Data Requirements for the Estimation of Potential Output
Using Production Function Method

1. Output (Y, is measured as thegross domestic product at factor cost
using 1982 constant prices. Data are taken from KIPPRA-Treasury
Macro Model (KITMM) database.

2. Total Factor Productivity (TFP) is measured as the HP filtered Solow
Residual. Firstly, the log of output or GDP (Y,) was regressed on the
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log of capital stock (K)), log of total employment (L,). The model that
gives the best fit based on economic expectations and statistics criteria

is the one of the simple Cobb-Douglas production
Y, = AKPLP, (B.1)

where [3 is a constant with 0 < 3 < 1, which is the measure of the
elasticity of output with respect to capital when the supply of labour
is held constant. The estimated equation using the ordinary least
squares procedure is as follows:
log (Y,) =1.7722 + 0.2444* log (K) + 0.7556* log (L,). (B.2)
(0.1347) (0.0473) (0.0473)

The above results were corrected for autocorrelation. Thus, TFP is
given as:

log(TFP, ) =log(Y,) - 0.7556*log(L,) - 0.2444*log(K)). (B.3)

To derive the trend productivity (TFP*), the HP filter was applied to
the resulting TFP values or residuals.

3. Capital stock is taken from the KTMM database. The value of invested
capital is equal to previous year's capital stock plus current year's
investment minus depreciation (an economy wide depreciation rate
of 5.5% is assumed). Values are in 1982 constant prices.

4. Total employment (L) is measured as the sum of the recorded
employment and the employment from the traditional sector. The
recorded employment was taken from the Economic Surveys (various
issues) published by the Central Bureau of Statistics (CBS) Kenya.
The recorded employment is the sum of the wage employment (public
and private sector), self-employed and unpaid family workers, and

the informal sector employment. On the other hand, the data on the
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traditional sector employment was derived using the assumptions
and procedures described in Geda et al. (2001, pp. 100-101). To derive
employment in the traditional sector, a data series for labour force is

crucial.

Analternative model for the production function was estimated using
a different figure for total employment: that s, the figures for informal
sector were adjusted from 1993 to 2001. It was observed that the data
for the informal sector employment has drastically increased in 1993
to 2001. For example, the 1993 figure of 1.466 million has jumped
from the 1992 figure of 0.566 million-an increase of more than 50
percent thuscreating a structural break in the employment series. In
this study, the informal sector employment data from 1993 to 2001
were adjusted using the findings from Oiro, Mwabu, and Manda
(2003) where they found that 50 percent of the employed in the
informal sector live below the poverty line, using the 1994 welfare
monitoring survey data. This translates to anequivalentof 50 percent
full employment. However, the final results for potential output and
outputgap are not substantially different from the ones presentedin
Section 3.5.

Populations, Working Population and Labour Force. Since data on
labour force? is not available for Kenya, this study also attempts to
derive this series. The prerequisites to the derivation are data on
population and working population®. Population data was taken
from the KTMM database. On the other hand, data on working

» Labour force or economically active population consists of those members of the population
who were working plus those who were not working but looking for work during a specified
reference period (CBS 2003).

# Working population is defined to be consisting of the members of the population age
between 15 to 64 years, :
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population are available only during census years. To derive data
for non-censal years, the study uses the ratio of the working
population to the total populationfrom the given census data. Then,
the ratios are interpolated for non-censal years using growth rate
between two census years. The working population series is the

product of these ratios and the total population.

Finally, the labour force (LF) is derived using the information on
labour force participation rates available from different CBS surveys
(CBS 1978; 1996; and 2003). In the study, the data are interpolated
and smoothened using the HP method. Labour force by definitionis
the product of the labour force participation rate and the working
population.

6. PotentialEmployment(L})is derived using the following expression
(Slevin 2001):

L =LF*(1- NAIRU) (B4)

where LF* is the HP-filtered labour force and NAIRU is the non-
accelerating inflationrate of unemployment (see below).

7. Unemployment rate (u,) data is proxied with "not employed rate".
Not employed rate in this study is calculated as the difference between
the labour force (LF) and the total employment (L) measured as a
proportion of LF.

8. In the estimation of NAIRU, the standard linear model of the short
run Phillips curve is given as (Debelle and Vickery 1997):

T =7 +y(u - u)+eg, (B.5)

where T is the inflation rate; 7€ is the expected inflation; Y is a
constant; u” is the NAIRU; u, is the unemployment rate; and ¢ is the

error term,
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The above model assumes that inflation is equal to inflation
expectations when the rate of unemployment is equal to NAIRU. In
this study, the expected inflation is calculated as the annual average
of the monthly-expected inflation, which in turn is computed as the

average of its lagged values up to five months.

The above equation (B.5) can be expressed in a state-space form as:

z, =x,B8, +¢, where g, ~N(0,g*H) (B.6)

B, =TB,,+u, where u, ~N(, ¢2Q). (B.7)

Equation (B.6) is referred to as the observation or measurement
equation and (B.7) is the state or transition equation. The variables
are defined asz = T, Xy =[m; u,1]’; and B,=1[8-Yy Yu'],5is
restricted to unity. The parameter (state) vector (3, is time varying in
a manner determined by the transition matrix T. Itis assumed that T

is such that all parameters are constant except the NAIRU, which

follows a random walk.

The above state-space model was estimated using Kalman-Filter

procedure in E-Views and the results are as follows:
m = T, - 0.4869 (u* - u). (B.8)
(0.4177) (s.e)

The study adapted the smoothed state series for NAIRU, given as
Yu*/Y, where Y = - 0.4869. The computed NAIRU seriesis givenin
Appendix C.
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APPENDIX C: Basic and Estimated Data used in Different Estimation
Methods

Table C.1: Kenyan Basic and Estimated Data

Year GDP Private Capital Labour Total
Cons. Stock Force EMP.
(Y) () ) (LF) @)

1972 38.05560 34.5988 62.06167 3.25044 3.08305
1973 39.58280 31.6542 68.55918 3.39439 3.23792
1974 40.79340 37.0710 66.59848 3.54553 3.44636
1975 41.97140 35.9654 63.11330 3.70574 3.55119
1976 43.81840 34.2110 59.04626 3.87795 3.73228
1977 47.38060 37.7614 62.38620 4.06563 3.91777
1978 51.00920 43.9016 68.70870 4.27306 4.08351
1979 53.52020 45.1738 71.92190 4.50507 4.31537
1980 55.65680 449580 79.31513 4.76645 4.52746
1981 58.98060 43.2758 84.52841 5.06137 4.77846
1982 60.98500 44.6410 83.56059 5.39216 5.03390
1983 62.83740 43.1880 73.70908 5.75661 5.36520
1984 63.05720 47.2116 73.74916 6.14987 5.61586
1985 66.28960 43.4590 79.08326 6.55799 5.92976
1986 69.96380 51.6932 73.10912 6.97153 6.22352
1987 73.36880 56.2952 79.25132 7.18035 6.37711
1988 77.13940 60.9472 84.37926 7.51786 6.58635
1989 81.06200 64.5650 88.16763 7.83890 6.70810
1990 84.47260 65.3092 84.56043 8.19547 6.85147
1991 86.23000 66.4018 86.67353 8.54200 6.95258
1992 86.64440 68.2050 90.19929 8.88906 7.02463
1993 86.85580 67.8902 79.65967 9.23039 7.90404
1994 89.49160 74.2950 80.27345 9.56699 8.21289
1995 93.80260 75.4542 84.90455 9.91786 8.66734
1996 98.15180 77.5906 96.62565 | 10.44173 9.16532
1997 100.47280 83.3612 108.35267 | 10.84871 9.51709
1998 102.25270 82.5752 118.71934 | 11.62113 10.05840
1999 103.70150 77.0132 127.04145 | 11.99593 10.42783
2000 103.45580 81.9442 13234951 | 1237451 10.82232
2001 104.69710 78.4182 137.90783 | 12.71642 11.23280

Note: Values for GDP, private consumption, and capital are in billion Kenya
shillings in 1982 constant prices; labour force and total employment are in

million persons. Sources and derivation are stated in the text.
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Table C.1: Kenyan Basic and Estimated Data (Cont'd.)

Year Inflation Expected UNEMP. SNAIRU
INF.

(1) (ITg) () (NAIRU)
1972 5.8389 6.7263 5.1497 na
1973 8.9978 6.2188 4.6096 na
1974 17.9111 17.4896 2.7970 10.6992
1975 15.5841 15.7395 41705 5.5352
1976 10.7133 12.5888 3.7563 3.0780
1977 13.9327 11.3501 3.6369 5.7227
1978 15.5677 17.0429 4.4359 3.1940
1979 7.8737 8.9314 4.2106 3.5398
1980 13.3901 11.9550 5.0140 6.29%4
1981 12.0059 11.8978 5.5896 6.3876
1982 21.7645 20.4380 6.6440 7.4020
1983 12.3548 14.4929 6.7993 5.2559
1984 9.9288 10.1574 8.6833 7.6882
1985 12.4794 12.2392 9.5797 9.2763
1986 5.7299 7.0354 10.7296 9.5842
1987 8.7276 7.8888 11.1866 12.3617
1988 12.2823 11.0619 12.3907 14.2594
1989 13.4737 13.7877 14.4255 15.1329
1990 15.6178 14.2224 16.3993 18.1809
1991 19.7090 20.0825 18.6071 19.4871
1992 27.1022 23.4699 20.9745 23.4420
1993 45.4311 39.5252 14.3694 19.3729
1994 31.3474 426270 14.1539 3.8496
1995 1.6146 2.8732 12.6087 9.0026
1996 9.0016 7.5275 12.2241 12.5151
1997 11.2631 11.8956 12.2745 11.6295
1998 6.6993 8.0101 13.4473 11.7961
1999 3.5583 2.3683 13.0719 13.6368
2000 6.2118 6.3859 12.5435 12.4578
2001 5.8000 6.0000 11.6670 11.7168

Note. All values are in percent. Sources and derivation are stated in the text.
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