\

RESEARCH SERIES

DETERMINANTS OF PRICE LEVEL
DYNAMICS IN UGANDA:
SOME STYLIZED FACTS AND
EMPIRICAL EVIDENCE

Research Series No. 26

, J
ECONOMIC POLICY

REASEARCH CENTRE

Economic Policy Research Centre
51 Pool Road, Makerere University Campus P.O. Box 7841, Kampala,

Website: www.eprc.or.ug

Uganda
Tel: 256-41-541024/541023, 540141/540159 Fax: 256-41-541022 Email: eprc@eprc.or.ug




Please see the back pages of this paper for a listing of current working
paper titles and subscription ordering information.




DETERMINANTS OF PRICE LEVEL
DYNAMICS IN UGANDA:
SOME STYLIZED FACTS AND
EMPIRICAL EVIDENCE

Research Series No. 26

by

Charles A. Abuka
and

Augustine Wandera

June 2001

© Charles A. Abuka and Augustine Wandera. All rights reserved. Short sections of
text not exceeding two paragraphs may be quoted without permission, provided that
full credit, including © notice, is given to the source.






Abstract

This paper examines the dynamics of inflation in Uganda during 1989 - 1999. A period
characterized by emphasis on macroeconomic stability. It analyses trend, seasonal and irregular
unobserved components of inflation. The key finding was that the bebavior of the inflation trend
was largely underpinned by the macrocconomic policy management stance while indications are
that the seasonal character was driven by the pattern of agricultural production and underlying
climatic conditions. The irregular component on other hand was driven by external shocks like the
“coffee boom™ of 1994/95.The paper also finds that real output growth, exchange rate depreciation,
money growth and forcign prices drove the domestic rate of inflation.. The policy message appears to

be that continued improvement of monctary policy design and implementation is an important
process in the management of price level dynamics.

JEL Classification Numbers: E31, E37, F41,055
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Executive Summary: Policy Implications

anda’s inflation and finds it to be

This study characterizes the prime movers of Ug 3 _
s. The evolution of

characterized by the trend, seasonal and irregular unobserved component :
the trend was largely underpinned by the macroeconomic policy stance while indi(:".atlons are
that the seasonal character was driven in part by the pattern of agricultural productxor_l and by
underlying climatic conditions. The irregular component on other hand was driven by
external shocks such as from the “coffee boom” of 1994/95. The empirical results exhibit
theory consistent long and short-run dynamic properties. They indicate that a reasonable
impact on headline and underlying prices arose from nominal money growth and ?xchange
rate depreciation. The other source of impact appears to have come from foreign prices. T.he
contemporaneous and lagged components of these prices were important in the domestic price

o
formation process. Again for both headline and underlying inflation, dampening effects ten

1o origmate f:'-:)m Tl,“'ll outpm CX].‘I.II']SiCII‘l.

The combined analysis of the two approaches suggests that the changed macroeconomic
management stance after 1992/93 was the ultimate reason for the marked decelerati‘{n aqd
continued stability in Uganda’s inflation rate. Most importantly, the strong expansion 15
output growth was probably the single biggest factor that helped to dampen prices. The
stability of the value of the shilling also assisted in containing inflation that would have passed
r'hraugh if the rate of exchange rate depreciation had been excessive. In terms of the way
forward, there are reasons to believe that success in inflation control in Uganda is likely to be
long lasting. First, the main shocks to inflation appear to have been related to the foo

component of the CPI, which is a direct reflection of weather effects. The impact of these
§hocks has largely been moderated by prudent macroeconomic policies. Second, the stability
in the exchange rate should help keep inflation under control and should the real output
continue to expand, domestic inflation should remain relatively stable in the medium term.

Maintenance of price stability. which is a cardinal objective of the central bank, requires that
the eihcency of monetary policy continues to be improved. Price-stability should be
emphasized as 111?- over-riding objective of monetary policy. Transparency in the conduct of
monetary poi:c;."zs ?s?:ltial and building capacity for this process is required in two key areas.
First, in .mOdCl mui:hng and second, in the analytical capacity to further investigate the
transmission mechanism and improve forecasting ability.

e e o oo ot onsry oy b degned i whichshe
R chi'-.'c.n;;:::p-rilli:eil'fllljld?n-cc. This will help build credibility an(? _ensubre
employing money as an is ttLb Mj E‘,“- This fmme_:work must be adapted to local cond:thns ¥
B s'r:acufd . r-'.-[‘i-;(:c‘.. O\Hmt:m :.uh‘er than interest rate. The str:}tegy.shou!d lf)e STmple
seckisciens dhoulds i'lm ]- rlTr to slgnalhcommirmcnt to low inflation. T}_us simple
el B i (lr’ snenced i‘t? an interim measure while more comprehensive models
ot s s .'.‘L tt_fj:‘:”l k .1‘\".1|1|:d more regu]nr]}f‘ apd on a timely basis. Serious
ceal sinse ecirtirly Gron. Dr;kh‘]:L ganda Bureau of Statistics towards the generation of
L Ez‘:d‘gx " m:m : rioduct series. Asa stopgap measure, t'he bureau could
A sy r;“'t\h.t .md. eigrlcultural production for posm!.)lc use asa scal_e
st i c{;‘-l:. i ailability of such toc{Is.and early warning indicators is
: ‘ture of model-based analysis in policy design.
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Transparency of the Central Bank is critical to ensure accountability and to help the public
appreciate what the Central Bank is doing. The Central Banks needs to provide enough
information for the public to understand the policy regime. It is also important in the sense

that the public will be able to verify policy actions and be able to pass judgment on the
Central Bank'’s performance

[t is important to agree on the measure of inflation to monitor. The debate here is between
headline and underlying. Which should constitute a measure of core inflation? As shown in
the analysis headline inflation has been volatile and its use could lead to missing of the set
target. In addition, some components of headline inflation are beyond monetary policy. This
measure could also be subject to perverse effects from interest rate changes. Again, the use of
headline requires the employment of caveats or escape clauses to be specified in advance when
target may be breached. However, it is not feasible to specify all contingencies in advance and
this may introduce subjective judgment and hence lack of transparency. A good measure of
core inflation is required because it removes the volatile component of the consumer price
index. It is however, important to make the measure understandable to the public. Currently
Uganda Bureau of Statistics calculates headline inflation and underlying inflation excluding
food crops. Further research is needed in the area of measuring core inflation so that a more
efficient measure of core inflation can be produced. Even where it is not used as a target, such
an efficient measure is an important input in the internal monetary policy process. It can be
used in taking decisions for action of monetary policy and for forecasting inflation.

Definition of price stability or the level of the target needs to be analyzed. Traditionally and
on account of measurement problems of the consumer price index, growth considerations and
the zero lower band on nominal interest rates, most central banks aim for annual inflation in
the 0-4 percent range. Government has been targeting 5 percent annual inflation rate. The
question that arises is whether this is an appropriate definition of price stability. This 1s an
emptrical question, but once authorities agree on what constitutes price stability, it ought to

be communicated to the public, so that agents understand in quantitative terms, what price
stability is.

Work on forecasting intlation needs to be emphasized. This requires understanding of the
inflation dynamics to discern, as this study has done variables which matter. It is also
important to understand the role of expectations, as these are implicit in other prices such as
the exchange rate. It is necessary, to understand the transmission mechanism as this determines
the ability of policy instruments to manage inflation. Specifically, Bank of Uganda needs to
devise a model for forecasting inflation, make mandatory periodical quarterly surveys of
expectations and clearly define through empirical studies, the impact of instruments, and their
lags on inflation. Human resource capacity needs to be built up as a relatively large amount of
manpower 1s necessary for the background work of model estimation, surveys and report
writing. These are necessary tasks for successful price stability.

The results have shown the important role that productivity plays in dampening inflation.
The Central Bank needs to move forward with the process of financial reform. It should
continue to improve the prudential and supervisory components so that a strong and viable
banking sector can be able to make more and relatively cheap credit available to support real
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I. INTRODUCTION

The maintenance of low and stable inflation is recognized as the key objective of Bank <
Uganda’s monetary policy. To understand how the Bank far ed in this objective, #
characterized the price level dvnamics that the economy experienced from 1989 to 1999. B
do this we investigated the impact on inflation from money supply, real income, interest rate
terms of trade, exchange rate path through effects and the evolution of prices in tradin
partner countries. This was because the management of inflation was perpetual polic
challenge of the Central Bank. It should be mdlcated that, while some Ugandan studi
Morris (1989), Kasekende (199C) and Ashok and Wandera (2000) did examine the inflatic
question, none attempted 0 dem-npmc inflation into it’s main components namely a trend, :
seasonal, and 1rregu lar. This gap is bridged in this study. In addition, our derived theoretics
model of inflation determination and estimation builds in exchange rate path through effecw
as well as prices in partner countries, issues that were ignored by earlier empirical studies. Th
paper also improves upen previous studies in a number of respects. First, our sample wa
extended up to the last quarter of 1999 and this helped to capture a longer phase &
liberalization in the Ugandan economy. Second, we paid attention to major shortcomings ¢
most studies in that explicit attention was paid to the data, the only exception being Asho®
and Wandera (2200). A model that was empirically stable was developed and issues of inflatio.
components were incorporated. We followed Ndung'u (1995) to specify a long ru
q_u. librium model of inflation for Uganda that explicitly incorporated both the monetary an
reign sectors, underpinned on an open economy framework. An error correction model for
-m’] ation was L{Lu.*ltpul and tests for cointegrating vectors using the Johansen maximur
likelihood procedure were implemented. Policy implications from the empirical exercise wer
then derived to help inform the process of monetary policy formulation. This process wa
considered important to ensure that uncontrollable inflation pressures do not re-emerge.

It should be pointed out that, this paper attempts to explain inflation dynamics in Uganda
over the period 1989-1999. During this period there were a number of policy induced changes
as well as externally induced shocks that affected prices. The main external shocks that hit the
cconcn*.j.“during this pertod were from oil import prices, the terms of trade effect arising out

I the cotfee boom of 1994/95 and the freeze on aid in 1992/93 and 1998/99. Other non-
policy shocks were related 1o weather effects, which were mainly in form of El Nino and
drought. In addition, the pace of implementation of the Structural Adjustment Program was
accelerated through the implementation of large-scale economic liberalization. The financial
sector was deregulated and controls on domestic marketing dismantled. In the external sector,
exchange rate management was moved away from a control and allocation regime. These
changes started in July 1990 when the parallel market for foreign exchange was legalized.
-.,gnnda allowed virtually unrestricred purchases of foreign exchange for current and capital
account transactions.

The :'='r*d"rgs are that the | c‘hv'im" of the inflation trend was largely underpinned by the

tance \1 tie the seasonal component was driven both by the pattern of
agriculrural production and underlving climatic conditions. The irregular component on the
other hand ws driven by external shocks like the “coffee boom” of 1994/95. Empmcal results
show that real outpur growth, exchange rate depreciation, money growth, foreign prices and
terms of trade drove the domestic rate of inflation. Domestic interest rates also seem to have
been important in the short run for the case of headline rather than underlying inflation. The

econ J'r" pO""‘\




policy message appears to be that continued maintenance of macroeconomic stability and

further expansion in real output growth will provide continued high pay off in the
management of price level dynamics.

The remainder of the study is organized as follows: Section Il looks at the composition of the
Ugandan Composite Consumer Price Index, the following section looks at inflation dynamics
during the 1989-1999 period. Section four provides an analysis of trend, seasonal and irregular
the unobserved components while section five posits a simple analytical model for inflation.
The final section presents the estimation results and the policy implications arising therefrom.

II. BACKGROUND

One of the consequences of controls that existed in Uganda in the late 1980s was that
administrative rationing of foreign exchange in the official market stimulated high demand for
import finance in the informal market. The consequences were reflected in a high premium
between the official and parallel market, which reached 1000%, by January 1987. External
imbalances mounted as export revenue plummeted. This was not helped by the high import
demand ar overvalued currencies. Foreign exchange reserves dwindled and external debt
arrears were accumulated. As resource mobilization collapsed against a background of reduced
aid inflows government resorted to printing money to finance budgetary operations.
Uncontrolled expenditures on non-productive consumption fuelled inflation in the economy
and the budget deficit grew. Against this background, a number of policy measures were
initiated in order to eliminate the internal and external imbalances. Policies were implemented
to improve economic management in foreign trade and foreign exchange, monetary and
financial sector, domestic marketing as well as fiscal and sectoral areas. These policies were
hinged on the restoration of monetary and fiscal discipline to overcome the then prevailing
high rate of domestic inflation, and unsustainable current account deficits.

At that ume Ugandan authorities recognized that excessive government borrowing from Bank
of Uginda seemed to be the main source of inflation. Government borrowing reached record
levels -of 64.8% of money supply in 1986/87. In order to address the fiscal problem,
Government implemented a number of policy initiatives: First, Government ran a "monthly
cash budget" designed to match total government expenditures and receipts. Second, on the
expenditure side, the government streamlined its expenditures and identified a number of
Priority Program Areas (PPA’s) that could be protected. Third, in order to address the
problem of an over staffed and inefficient civil service, a reform was effected to remove ghost
workers, retrenchment of inefficient and unqualified workers, and enhance remuneration fora
more streamlined civil service. This was supplemented by rationalization and restructuring of

ministries. The civil service was trimmed from over 320,000 workers in 1987 to slightly above
155,000 workers in 1998/99.

In a further effort to strengthen monetary policy a Reserve Money Program was designed to
assist in the design of monetary policy consistent with macroeconomic objectives of price
stability and growth. Credit requirements by both government and commercial banks and the

foreign exchange reserve build-up were taken into consideration in the design of monetary
policy.



Reforms in the area of liberalizing markets were at the heart of restructuring efforts. The
underlving theory was that competition could improve the allocation of resources. Th
essential complement was to reduce government interventions that distorted prices and tied w

markets. Government ailowed individuals, including exporters to hold foreign exchange
accounts. This meant the elimination of surrender requirements on all foreign exchangy
inflows from non-coffee exports and private transfers. By January 1992, the administrative
allocation of foreign exchange was replaced by an auction system for allocating donor impos
support resources, which further contributed to a reduction in the spread between official ane
bureau exchange rates. In November 1993, the auction for donor import support wa

abolished and replaced with an interbank system that unified the foreign exchange market.
Under this system, there was no longer any surrender requirements on commodity exports or
any other foreign exchange receipts. [n the internal trade system, domestic prices were fully
deregulated. Restrictions on domestic marketing and pricing of products were remo"tfi
prometing efficient rural and inter-district crade. This dampened and narrowed disparity 1o
domestic prices. 'toducer prices were allowed to adjust in line with world prices and exchang_e
rate developments. thus encouraging more production, which in turn helped dampen domestic

prices.

The result of these policies was that the structure of the Ugandan economy changed
significantly. The share of Agriculture in GDP declined from 60 percent in the 1980's to 46
percent in 1995/96 and further down to 43 percent in 1998/99. The share of manufacturing
steadily increased from 3.3 percent in 1987/88 to 9.6 percent in 1998/99. Trade and services
grew from about 3C percent of GDP in the 1980's to 35.2 percent in 1998/99. The trend that
emerged was one of a declining share of agriculture and an increasing importance of
manufacturing and trade and service sectors in GDP. The subsistence or the non-monetary
compenent also declined from about 40 percent of GDP in the 1980's to 23 percent in
1998/99. Economic growth averaged 7 percent per annum during the last six years with a peak
growth of 10.6 percent recorded in 1994/95. During the financial year 1998/99, the Ugandan
economy recovered from adverse weather conditions experienced in 1996/97 and 1997/98 and
.‘E'C:"llf\'ﬁd real GDP zrowth rate of 7.8 percent. Monetary GDP grew by 8.1 percent per annum
during 1998/99 while non-monetary GDP had a growth rate of 6.9 percent per annum over
the same period.

In Uganda the most significant factor in economic stabilization was prudent budgetary
reforms. R‘rfuz'n‘; i budgetary management enabled Government to generate savings to
support an increase in the share of private sector credit from the banking system. The revenue
effort increased from about 4.7 percent in 1986/87 to about 12 percent in 1998/99.
Responsible budgetary and fiscal reform generated economic stability. Reforms in budgetary
management succeeded in reducing the size of the deficit and transformed government from a
net domestic borrower to 1 net saver,

Prudent monetary and credir policies succeeded in controlling inflation. In the period 1986/87
1o 1989/95 the program was characterized by Government violation of benchmarks on credit
and money supply . Direct controls on domestic credit to the private sector and administered
negative real patesest rates ended up subsidizing borrowers. This resulted in a rapid expansion
iIn money I‘”'I’éi‘“ Oy rapid credit cxpansion. However, the improvement in budget
management since March 1992 underpinned the success in controlling liquidity. The annual
rate of growth of M2 decelerated from over 176.7 percent (1987/88) to below 35 percent since




1993/94. The corresponding growth m domestic credit decelerated by the same rate, while the
share of net claims on government to total domestic credit decreased in line with the policy to
avail more bank credit to the private sector. Money supply was restrained by controlling
credit given to government and by checking credit to the private sector through proper
management of banking system liquidity. Growth in broad money was brought down
significantly from 33.2 percent per annum in 1991/92 to 23.7 percent per annum in 1997/98

and further down to 7.9 percent per annum in 1998/99.Table 1 details the evolution of
monetary aggregates.

The Conduct of monetary policy moved away from use of direct to indirect instruments, as a
result annual inflation was brought down considerably from 30 percent in 1992/93 to 5.8
percent in 1997/98 and lurther down to 5.3 percent as at end June 1999.

Table 1: Monetary Aggregates: June 1994 - June 1999 (Shs billion, end of period)

e e 94 June 95 June 96 June 97 June 98 June 99
Net Foreign Assets -76.2 60.2 178.9 377.0 639.2 844.1
Broad Money - M3 448.7 571.5 634.1 809.1 1020.0 1161.3
Broad Money - M2 402.5 504.4 609.0 705.6 §73.1 942.4

Growth in Monetary Aggregates Relative to June

Broad Money (M3) 328 27.4 19.7 18.3 26.1 13.8
Broad Money (M2) 33.4 25.3 207 15.8 237 7.9
Base Money 42.7 35.4 0.1 18.3 12.5 19.4

Source: Bank of Uganda.

In summary over the period 1989 to 1999 interest rates fell in tandem with the drop in the rate
of inflation. Furthermore, exchange rate volatility reduced due, in part, to massive donor
support, a build up in foreign exchange reserves and an appreciation of the exchange rate.
Credibility in inflation control was established, however, spikes in inflation dynamics
remained. Continued proper management of these spikes was considered essential.

2.1. The Composition and Structure of Uganda’s CPI

The 1989 Composite Consumer Price Index replaced the previous Cost-of-Living Indices that
were compiled up to the late 198C’s. These were, the “Low Income” Index prepared by the
Statistics Department on the Ministry of Planning and Economic Development and the
“Middle Income” Index prepared by the Bank of Uganda. The new index covered almost
double the number of items, which were included in the two old indices. These were 89 items,
compared with 37 for the Low Income and 46 for the Middle-Income Index. A breakdown of
the items and weights by group and sub-group of the new CPl are given in Table 2 below;



Table 2: Ttems and W eights of Groups and Sub-groups for the CPI

Group Sub-group Weight -
Foed 50.8
Mateuke, potatoes e.t.c 11.5
Fruus and Vegetables 9.4
Meat and Poultry 5.2
Bread and Cereals 8.4
Fish 4.1
Dairy Produce 4.3
Sugar, tea and coffee 5.4
Oher lo 0.9
Oils and Lats 1.6 =53
Drinks and tobacco 6.3
Non-aleoholic beverages 1.0
Aleoholic beverages 3.4
Tobuacco and cigareties 1.9 ZEN
Fuel and Power 7.3
Transport 5:5
Taxi lares 4.0
Bus fares 0.5
Motoring Costs 1.4
Clothing and Footnear 55
Footwen 1.3
Clath 4.2
Services 15.7
8.4
: 4.6
Heath Costs 2.7
Miscellaneous Products 8.5
Saap & Totletries 3
House Household Equipment 1:5
Flouse Household Textile 1.5
Communication 0.1
Entertinment 21
Total Items 100.0

Source: Uganda Bureau of Statistics

The composite index was comput;d based on “Modified Laspeyres”, which ylelds the similar
resultsas the” \t andard Laspevres™. The modified version was preferred due to its operanon:tl
ease, Damml irly when it becomes nece ssary to I‘CPI.‘ICE items in the index. The annual
LTO"r'r'i\ } inf ]. tien rate. or annual (monthly) percentage change in the index are measured as
the percentage khar._._{u in r_!'.c index over the level 12 (1) month(s) previously.

The 1989 composite ::'"'M; for Uganda was a weighted average for the five urban centres of
Kampala/Entebbe. jinja. Mbale, Masaka and Mbarara. The welghts were allocated 1n
proportion to the .uhn'ac—r of urban households in the region using the 1991 Census of
Population and Housing as indicated in Table 3 below;



Table 3: Weights of the Composite Index for Uganda’s CPI

Centre Number of Households  Percentage of Total
Kampala/Entebbe

Kampala 182,439

Entebbe 10,218

50 % of other Central -Njeru 34,387

Total 227,044 55.4
Masaka

Masaka 12,844

50% of other less Njeru 34,388

Total 47,232 11.5
Jinja

Jinja 14,987

Nijeru 9,141

50% of other Eastern Urban 24,168

Total 48,296 11.8
Mbale

Mbale 12,503

50% off other Central -Njeru 24,168

Total 36,671 9.0
Mbarara

Mbarara & Other Urban 50,255 123
Total Urban households in : 409,498 100.0

Central, Eastern & Western

Source : Uganda Bureau of Statistics

This study utilized the 1989 Composite Consumer Price Index for Uganda, the index
represents both the low and middle-income households. The change in the index introduced in
1989 was based on the findings of the 1989 Household Budget Survey. This survey showed
that the dis-aggregation of the index into low-income and mid-income produced no significant
difference. At the same time, the inclusion of high-income household made virtually no
difference on the broad results of the index. The index was computed for both underlying and
headline measures. The underlying index excluded food crops, which are greatly affected by

seasonal conditions to even out erratic movements in domestic price. The headline was the
overall index and was food inclusive.

IIIl. EVOLUTION OF INFLATION IN UGANDA 1989-1999

Inflation measured by the Composite Consumer Price Index (CCPI) fell from 42.2 percent in
1990/91 to 30.0 percent in 1991/92. However, it remained volatile and sensitive to budget
deficits arising from shortfalls in donor financing as was the case in 1992/93. Below average
trend GDP growth in 1989/90 to 1991/92 period appeared to have been responsible for part of
the inflation out turn during that period. Since 1992/93 to 1998/99 the economy had an
average trend real growth of 7.3 percent and this could have had a dampening effect to the
evolution of prices. (see Table 4 below)



Broad macroeconomic stability through the restoration of control of government expenditus
also appeared to have helped to contain inflation pressures. A_nothf:r facto-r af-fccting the
evolution of inflation could discerned by looking at the headline inflation, which includes 2%
items, and underlying inflation, which excludes food. The price of food is important‘beal.lsir
of the fact that when the supply of food falls relative to existing demand for food, its prics
rises. The fall in the supply of food in Uganda arises mainly because of drought. For example
in the early part of 1999, drought affected most of the food basker areas in the West md
Southwest of the country leading to a rise in prices. In addition, the annual headline mﬂatl.oﬂ
rate was negative over the period April 1998 to January 1999 because food crops, wlflch
comprise 33.6 percent of all items Composite Consumer Price Index (CCPI) fell sharply since
December 1997. The fall in food crop prices reflected a reversion to approximately nor
price levels after the weather induced supply shocks had driven prices up in 1997. Anot!ler
source of shocks to the price of food arises from increases in response to changes in prodl.lctwﬂ
costs. An important cost reflected in the market price of food is the price of transportation of
food to markets. The increase of fuel prices in August 1999 quickly led to higher transport
costs and consequently to higher food prices. The increase in fuel prices was partly becaufe ?f
the depreciation of the shilling and partly from the increase in the price of crude -Oll. n
international markets. Non-food prices in Uganda are sensitive to exchange rate depreciation
and money supply growth. For example exchange rate depreciation of 42.9 percent a.nd 30.9
percent in 1990/91 and 1991/92 respectively coincides with high rates of inflation during that
period. Again it could be argued that strong monetary growth over the period 1989/90 to
1991/92 also accounts for the high levels of inflation recorded during that period. There have
been periods when strong monetary growth and exchange rate depreciation did not exert
significant upward impact on non-food crop inflation as would ordinarily be expected. Inspite
of the depreciation of the nominal exchange rate between 1995/96 and 1998/99 increases in
prices were not as large as expected because imported goods only represent a small proportion
of the goods in the basket in the CCPL If this impact is coupled with a depreciation .of €
Kenyan Shilling against the dollar, it dampens the impact of the depreciation of the shilling on
import prices because Kenya is a key trading partner. A major reason that could reduce th_e
inflationary impact of exchange rate depreciation may enter from profit margin squeeze. This
appears to have been a significant explanation for the inflation developments in the last part of
1998/99 given that aggregate demand remained broadly stagnant. Tight fiscal policy helped to
diminish inflationary rates because lower injections into aggregate demand from government
expenditure slows down aggregate demand and helps to dampen inflationary pressures to
levels lower than would prevail without fiscal consolidation. Another factor that may affect
price level dynamics in Uganda appears to result from the intervention in the Interbank
Foreign Exchange Marker. Bank of Uganda’s intervention on the sale side reduces money
balances with the public, which has a knock-on effect of reducing their purchasing power. The
consequences of this could be to reduce inflationary pressures to levels lower than would have
prevailed without Central Bank action. -

An additional factor that could be brought to bear on inflation development in Uganda is the
evolution of the terms of trade. The sharp improvement in terms of trade in 1994/95
coincided with remarkably low domestic prices, while the deterioration of the terms of trade
over the period 1998/90 to 1991/92 could in part explain the high domestic prices recorded
during that period. Being an importing country, one can not also rule out the impact of prices
from our trading partner countries. These issues are taken up in the empirical exercise.



Table 4: Measures of Inflation and Some Possible Explanations

Headline Underlying Terms of Exchange Real GDP  Broad
Inflation eop Inflation eop Trade Change Rate (%) Growth money
(%) 1+ ¢ %) (%) (%) Growth (%)
1989/90 325 26.9 259 7.4 5.5 56.9
1990/91 32.3 30.1 -1.6 429 4.4 46.7
1991/92 66.3 50.0 -21.9 30.5 3.1 53.2
1992/93 -2.4 9.2 35 0.8 8.4 42.0
1993/94 16.1 9.3 447 -19.9 5.3 334
1994/95 34 10.0 78.3 0.1 105 25.3
1995/96 5.4 8.0 =307 7.5 B.1 207
1996/97 134 6 2 2:1 5.2 15.8
1997/98 -1.4 23 16.2 14.8 35 217
1998/99 3.3 2.8 246 18.3 7.8 7.3
eop - end of period Source: Bank of Uganda, Ministry of Finance, Planning & Economic
Development i
IV.

ANALYSIS OF TREND, SEASONAL AND IRREGULAR (UNOBSERVED)
COMPONENTS

In an attempt to study the nature and presence of unobserved components namely; trend

seasonal, cyclic and irregular, we decomposed the inflation series using the classical
decomposition technique. We however, did not consider the fourth component “the cyclic”

due to the short period covered by the inflation series. In general this component is included
in the trend component resulting in a “circular trend”. We anticipated the economic policies
to underpin the evolution of the trend in underlying inflation, this could be represented by a
stochastic trend. The effect of the food prices, with their marked seasonality and other
seasonal factors embedded in the series are mainly explained by agricultural and climatic
conditions and these could be captured by the seasonal component. It was reckoned that the
irregular component represented the external factors affecting domestic prices.

The use of deterministic models to determine the seasonal component has been found to be
poor. because the causes of seasonal fluctuations such as weather.are difficult to'model in this
manner while the inspection of estimated spectra for economic time series is not robust
enough. A more popular approach has been to assume that the seasonal component is
stochastic and generated by an ARIMA model. The question of how to evaluate a seasonal
adjustment procedure is not an easy one partly because the seasonal and non-seasonal
components are not clearly distinguishable (Granger and Watson, 1984). There is no consensus
in the literature on the selection criterion and the superior performance of any particular
seasonal adjustment technique. In this study we thus apply the classical time series seasonal

adjustment procedures namely; exponential smoothing and moving average to extract the
seasonal effect from inflation series.

More recently, such structural components have been modeled with the trend and seasonal
components following stochastic rather than deterministic models. These models have become
increasingly popular for modeling, forecasting and seasonal adjustments for time series. We



therefore, model all the three components of inflation using 'ARIM{K (Box OJ je-nhll
Approach. Model parsimony and well-behaved residuals were used in the selection ¢
appropriate model in each case. In general the model was specified as ARIMA (p, d, 9)(P, F
Q). where p is the number of regular auto-regressive (AR) terms, q the number of
moving average (MA) terms and d the number of regular differencing performed to
stationarity. Similarly P was the number of seasonal auto-regressive (AR) terms,.Q the numbl
of seasonal moving average (MA) terms and D the number of seasonal differencing carried ot

4.1.  Unobserved Components
4.1.1 Unobserved Components for Underlying Inflation

Underlying inflation in Uganda consists of two sub-groups, i.e. the goods and serwces.su."
groups. These enter with 51.4 and 15.0 as the weights respectively. Results of the convention
univariate time series analysis of underlying inflation indicated that underlying inflation ha:
three components namely, trend, seasonality and irregular components. ARIMA (112)f(1ce
was fitted to the monthly inflation rate. Well-behaved residuals and model parsimony wem
the guiding factors in model selection, all possible over-fits were tried-out and t-hesq did no
show any model improvement in terms of significant coefficients and reduction in meas
square error. Thus ARIMA (1 1 2)(1 0 C) was considered the appropriate model for Fnont!:ﬂ
underlying inflation rate. The trend component in Figure A1 shows that monthly inflatio«
rate decreased gradually over time from levels between 3.0 and -2.0 in 1990 to levels betwees
1.0and -1.0in 1999. This could mainly be attributed to policies geared towards low and stab!
inflation that have been pursued by the central bank from 1990s to date.

Figure A1: The Trend Component of Monthly Underlying Inflation Rate

Figure A1
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The seasonal component in Figure A2 indicates sizeable seasonal pattern, peaking in January-
February, July and September and with troughs in March - May, October - December. The
two sub-groups of underlying inflation have significant seasonality. The goods sub-group
shows seasonality that peaks in January-February and July, with a trough in November, while
the services sub-group peaks in January-February, and May - September, with troughs in



March - April, October and December. Although it would be expected that underlying
inflation in the case of Uganda should have no or weak seasonality, it is rather surprising to
see such marked seasonality. ANOVA tests also indicated strong seasonality for underlying
inflation and also for goods and services sub-groups. (See ANOV A test results in Appendix B).

Figure A2: The Seasonal Component of Monthly Underlying Inflation Rate
Figure A2
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Figure A3 shows that seasonal pattern in underlying inflation resembles the pattern of
agricultural prices, which is a function of agricultural production in Uganda. Agricultural
prices in Uganda peak in the second to the third quarter, and trough during the fourth and the

first quarters. This supports the argument that marked seasonality in inflation could largely be
attributed to agricultural seasonality.

Figure A3: The Seasonal Component of Monthly Underlying Inflation Rate and Seasonal
Component of Matooke Prices

Figure A3
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The inspection of the seasonal component pattern with the seasonal pattern of rainfall ®
Figure A4 suggests that there is a reverse relationship pattern between rainfall and inflation
We observe low rates of inflation associated high rates of rainfall. This could be interpreted #
terms of high agricultural output associated with good rains leading to low prices. W&
therefore, conclude that there is evidence to suggest that inflation in Uganda is attributes
substantially to climatic conditions.

Figure A4: The Seasonal Component of Monthly Underlying Inflation Rate and
Seasonal Component of Rainfall
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Inspection of the irregular component of inflation in Figure A5 shows that the irregula.
component mimics terms of trade from 1993 to 1995, this may indicate capturing of the
“coffee boom™ of 1994. Thereafter, there seems to be a near reverse relationship between the
terms of trade and the irregular component.



Figure AS: The Irregular Component of Monthly Underlying Inflation Rate and Terms
of

Trade
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In summary underlying monthly inflation in Uganda is characterized by unobserved
components namely; the trend, seasonal and irregular components. The behavior of the trend
seems to suggest the economic policy underpinning the trend. There is indication that the
seasonal was characterized by the seasonal pattern of agricultural production and climatic
conditions. The irregular component on the other hand appeared to capture externalities like
the “coffee boom” of 1994/95. However, due to the lack of rainfall series up to the last quarter
of 1999, it was not possible to establish and capture the effect of El Nino on inflation.

4.1.2 Unobserved Components for Headline Inflation

Headline inflation in Uganda is composed of three sub-groups, namely; food, goods and
services. Univariate time series decomposition suggested the presence of all the three
components, the trend, seasonality and irregular components. The parsimonious model
obtained for headline inflation using the Box-Jenkins’ technique was ARIMA (111)(011),no
over-fit or model improvement showed. This led to conclusion that ARIMA (111)(01 l) was
the appropriate model for.the momhi)' headhneanﬂatmn rate.

The trend of monthly headline inflation plotted in Figure A6 suggests that there was gradual
decline from 1990 levels of between -2.0 and 6.0 for 1990-91, peaking to 10 in 1992 and there
after declining gradually to 1998 levels of between -1.0 and 1.0. Monthly headline inflation was
observed to pick up in 1999. This observed trend depicts policies of low and stable inflation.



Figure A6: The Ugandan Monthly Headline Inflation Rate
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Inspection of Figure A7 below shows the underlying trend component of monthly headls
inflation. The figure indicates the monthly percentage changes declining with time from lew
of about 1 percent in 1990 the 0 in 1993. We then begin to observe negative percentage chang
through 1999, before the changes again begin to pick up gently.

Figure A7: The Trend Component of Monthly Headline Inflation
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A review of the seasonal component of headline inflation in Figure A8 shows markes
seasonality, peaking in the months of March, August, September and December.



anu:-e AS8: The Seasonal Component of Monthly Headline Inflation Rate
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: Comparmg headline seasonality and rainfall seasonality in Figure A9, a close look indicates

some inverse relationship as would be expected, suggesting some influence’ of' climatic
conditions. Our feeling was that the price of matooke was likely to influence the pattern of
overall prices in Uganda. Matooke is a staple food crop in a majority of the centres in which
the CPI is collected, in addition, because prices in Uganda were liberalized, changes in
matooke prices are likely to reflect supply shortages in the food sector. In a deregulated
environment this could also assist in capturing the effect of changes in weather conditions. The
comparison indicate that the seasonal pattern in agricultural prices was similar and led

headline inflation by one quarter. This further supported the argument of price seasonality
being attributed to agricultural seasonality.

Figure A9: The Seasonal Component of Monthly Headline Inflation Rate and
Seasonal Component of Matooke Prices
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A plot of the seasonal component of monthly headline inflation and rainfall seasonal in Figus
A10 below indicate that starting from 1990 to about 1997 when the data on rainfall

available, the two components move together. This re-enforces our earlier thinking the
monthly headline was affected by weather/climate and other seasonal factors which wes

captured by the rainfall seasonal component.

Figure A10: The Seasonal Component of Monthly Headline Inflation Rate and
Rainfall
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The irregular component of headline inflation on the other hand traced the terms of trad

from 1989 to 1992, when Uganda experienced weak terms of trade, and in 1992 to 199

captured the “coffee boom” as indicated in Figure A11 from 1992 to 1995.

Figure A11: The Irregular Component of Monthly Headline Inflation Rate and Terms os

Trade
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The movement of rainfall was also well captured by the irregular component from 1990 to
1993 and 1994 to 1997 as shown by Figure A12 below.

Figure A12: The Irregular Component of Monthly Headline Inflation Rate and
Rainfall
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V. FRAMEWORK FOR INFLATION DETERMINATION

A few studies in Uganda have investigated the prime movers of the country's inflation process.
In particular, the earlier generation studies stressed a strong relationship between money
supply growth and supply-side factors as the key movers of Uganda's price level (Morris
(1989). Related studies identified financing of the budget deficit, high food and transport costs,
high taxation of petroleum products and imports generally and drought as factors which drove
food prices in a number of African countries. In addition, the role of money supply in the
inflation process was stressed. According to Sharer et al (1995), Ugandan data since 1989
indicated a strong linkage between broad money and prices and similarly between base money
and prices. This study provided econometric evidence, which vindicated this relationship with
implications that on average, 70 percent of the change in broad money was translated into
prices within three to four months and that the whole effect was felt within nine months.

Other monetary models stressed the exchange rate as a possible additional determinant of
inflation. It was suggested that exchange rate depreciation caused the greatest changes in the
structure of sectoral prices and were potent in laying the foundation for price level changes.
Elbadawi (1990), while focusing on Uganda revealed that rapid monetary expansion and the
precipitous depreciation of the parallel exchange rate were the principal determinants of
inflation during 1988-89 period. The study concluded that devaluation of the official exchange
rate would not be inflationary. This finding was consistent with Chhibber and Nemat (1992).
Following closely this argument, Adam and Gross (1986) argued that the exchange rate and
money supply are indexed to the price level. This line of reasoning was taken up by Klein
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(1990) who argued convincingly that exchange rate changes and the rate of inflation affect e
other to produce an inflation-devaluation spiral or even a vicious circle in flexible exchar
rate regimes, or pass-through-effects from the exchange rate changes and the foreign pr
level. These effects may thus worsen the rate of inflation.

The underlying theoretical framework in this paper proposes that a suitable analyes
mechanism for the price level should provide for impacts from the money stock, real outpr
indicative returns on assets, exchange rate depreciation, terms of trade change and forem
prices. Under this argument inflation is assumed to originate from both demand and supg
sides. The supply side consists of the foreign sector consistent with the model of non-tradh
and traded goods. The price of the non-traded responds to the disequilibria in the moms
market while the price of the traded is governed by the movements in the exchange rate 2
foreign prices. The demand side is represented by the demand for money relationsh
consistent with the Herberger model.

5.1  The Supply Side
Considering the supply side we have the following formulation,

P=papes (1)
Where T and N subscripts are tradable and non-tradable goods respectively. The price

tradable goods is determined in the world market and depends on foreign price Pfand on t«
exchange rate ER, assuming that the purchasing power holds then

il 5 e 2)

Hence 2 depreciation of the exchange rate or an increase in foreign prices will increa.
domestic prices. This analysis is in line with Killick and Mwega (1989) and Ndung’u (19968

The analysis of inflation originating from the foreign sector can be decomposed inw
transmission effects coming from imported input prices in foreign currency terms an

inflation that follows a depreciation of the exchange rate as;
Where NEER, is the log of the multilateral nominal exchange rate index and Pf, is the log

Pr: tgu +ﬁ: IVEER:“'ﬁg FP; ------- (3)

the foreign price index reflecting the import prices. Equation (3) above is in line with Klei.
(1990) and incorporates exchange rate pass-through-effects. Equation (3) above can b
rewritten as an autoregressive distributed lag model of order m to take care of the dynamic
and adjustment lags;

Pir= ZQ'-‘ Pt ia)" NEER,.. * Zau;FP,_, + Enr (4)
pey it i=l

Where ;. 1s 2 white noise error process. Equation (4) allows expression of CPI as being
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influenced by its own past and present values as well as the present and past values of the
explanatory variables. If indeed some of the variables expressed in the above theoretical
relationship are non-stationary, it is then possible to re-parameterize equation (3) as an error

n-l n-l —
Ap= Zarm A P;.f+ZW.r;A NEER""+ZW’~‘AFP""+
i

=l in
correction formulation to obrain:

an[NEER- B ,P-B.,FP], . +*&y-...(5)

The error correction term in the brackets combines the two transmission channels of the
foreign sector influences on the domestic rate of inflation. It shows that there is a tendency in
the long run for the domestic prices to follow foreign prices measured in domestic currency
terms. This is consistent with the equilibrium real exchange rate. If [B,| = | Bs| =1 the PPP

holds.

5.2  The Demand Side
The demand side is thus formulated as follows;

M, - P,=¢; RGDP,+ c2TBR - vevvvenee. (6)

Where M, represents log of nominal money stock, P, is the log of the domestic price level,
RGDP, is the log of real income and TBR, is the rate of interest that reflects the cost of
holding money balances. This implies that the demand for real money balances is a function of
real income and the rate of interest, which is the same as:

M" = f(TBR, RGDP) ... (1)

In this model the price level is assumed to adjust to excess supply in the money market so
equation (6) can be re-written as a price equation in the form of equation (8) below

Pi=coM, ~¢iRGDP, = C:TBR; --oveeevuvesecen (8)

Equation (8) above can be re-parameterized as a general autoregressive distributed lag form of
order m, for example, AR(m) as
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1 m

Pi= ZQ;‘. f’x,,+Z‘GJ: M{—f 5 Zo_fjf RGDP.;*+ ZQJITBR:J-l'&'h ,,,,,,,,, e 4

i i=a =0

¢.. isthe white noise process with the usual properties. Equation (9) expresses the price leve:
a function of the lagged values of nominal money supply, real income and the rate of intess
This equation has non-stationary variables and differencing them would yield stationary ses
but we would loose the long run information in the data set, which may actually
underpinning the theoretical model. In order to incorporate the long run informatzs
assuming that the variables are integrated of the first order and at the same time ate

stationarity in the data set we can re-write equation (9) into equation (10) below

m-l =1 i m-f
Ap= Zaf-rAPr-x +ZW;,-AM2M+ ZW;&'A RGDP.,t ZVJ: ATBR:
=1 i =l 1 =0

as(M2-p,P-pB,RGDP+B,TBR ], + &1....(10)

The bracketed term is the error correction term, which shows that increases in the mozay
stock above the long run equilibrium level are transmitted into inflation. This term forms €
long run structure of the model from the demand side of the economy. We can then combi

equation (5) and (10) into the inflation model in equation (11) below

-t -1 m-1 wi-4
8P=3 08P Y 0,AM, .+ 04 ARGDP.1 Y 0uATBR~
i=!

=t i=l =0

Z”A NEER .. F fg,,,A Puter [M -p,P-p,RGDP + p,TBR

a‘,:ﬂ'\IEER'ﬂ‘rP‘ﬁ‘{FP],‘,,,+9n+W'D“+g_ﬂ. """ (!])

Where ¢, is 1id(0, 1) white noise process, 0, is a constant and D,, is a vector of seasonay

dummies. Equation (1) }}25 both the short run and the long run components. The long nas
cic:mponem of the model is given by the two error correction terms. Their coefficients shows
the amount of disequilibrium or strength of adjustment transmitted in each period into the

rate of m‘ﬂat:on. Cointegration analysis will help to unravel and identify the relevans
comtegratmg vectors.



VI. ESTIMATION RESULTS AND POLICY IMPLICATIONS

6.1 A Review of the Data

We employ graphical display as a first shot towards unraveling the character of our data. As
already indicated the data employed are a quarterly series spanning 1989 to 1999. The
character of Headline CPI was plotted in Figure A6 shown earlier. The chart measures the
monthly change in the Headline Composite Consumer Price Index. It shows that Inflation fell
sharply in the later part of 1989. It peaked momentum in 1991 before attaining a peak level in
1992. It fell sharply in the later part of 1992 and has been remarkably stable since 1994

although there are fairly large fluctuations between months. There were also signs of a picking
up of inflationary pressures in the latter part of 1999.

A choice also had to be made as to which measure of money stock was to be employed in our
equation. Figure A13 below plots the logarithm of narrow money (M1) and Broad money
(M2) deflated by the consumer price index. Both series appear to exhibit a remarkably similar
short-run pattern. They do not even differ markedly in the long run, owing probably to the
short time span rather than to inherent time series characteristics. Both series grow over time
and none appears to be stationary. Given that GDP has grown remarkably by an average of
6.4 percent during this period both series appear to have grown in line with real GDP, hence
either series appears to have captured well the transactions demand for money.

Fig.ﬁre_ A13 :Evolution of Narrow (M1) and Broad Money (M2) Deflated by CPI
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We employ the three months (91) day Treasury bill rate to measure the rate of return on
money in the long run. As shown in Figure A14 below, the plot of Headline composite
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inflation rate and the Treasury bill rate, both series appear to follow each other remarkab’
well. The treasury bill rate has declined in line with the movements in inflation.

Figure A14 :Inflation and Treasury Bill Rate Developments
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In Figure A15 we introduce external dynamics by plotting the change in the logarithm of
the consumer price index and the nominal effective exchange rate calculated as a weighted
average of the bilateral exchange rates of Uganda’s main trading partners. There appears to
be a relationship between the CPI and NEER with the NEER depreciation appearing to

lead developments in the CPL

Figure A1S :The Consumer Price IndeSierndThe Nominal Effective Exchange Rate
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Inflation occurs when the relative price between non-tradeable and tradeable goods deviates
from equilibrium. An increase in terms of trade requires either the nominal exchange rate to
appreciate, or the price of non-tradable to increase, for equilibrium to be restored, while a
decrease in terms of trade requires a depreciation of the nominal exchange rate or a decline in
non-tradable prices. Consumer prices rise when the nominal exchange rate does not appreciate
enough to accommodate the terms of trade improvement or the exchange rate depreciation
pushes prices through the feed back effects from the terms of trade deterioration. Figure A16
shows the headline CPI and the terms of trade. It shows that inflation has tended to peak up
during periods of marked deterioration in the terms of trade.

Figure A16 :The Headline Consumer Price Index and The Terms of Trade
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In a similar vein the plot in Figure A17 which maps the nominal effective exchange rate and
terms of trade shows a remarkable result. The exchange rate has depreciated during periods in
which the terms of trade has deteriorated and appreciated markedly during the period of
marked improvement in the terms of trade as was the case in the 1994/95 period. This
provides some evidence that the PPP could be holding and that both the short and long run
movements in the exchange rate have been related to the terms of trade.
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Figure A17 :The Nominal Effective Exchange Rate and The Terms of Trade
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6.2 Estimation Techniques

Two estimation techniques were then adopted. The first was an Engel-Granger two-step
approach using recursive Least Squares on Quarterly data at the second stage. This im{c’lved
the estimation of the long run error correction relationship followed by the specification ©

the dynamic equation. The second involved an application of the Johansen Vector
Autoregressive VAR approach to help correct for the endogeneity variable issue an important
factor for the correct interpretation of policy variables as well as the determination of tl’fe
exact size of the cointegrating vectors. We recognized the developments in econiometric
modeling, that have tended to question standard regressions based on none stationary
variables. In particular, because the Ugandan time series of inflation measures are likely to
posses unit roots and are therefore, non-stationary yet economic theory requires variables
employed in regression analysis to be stationary. Granger & Newbold (1974) and Stock and
Watson (1988) have shown that Ordinary Least Squares Estimators can be inconsistent when
economic time series are not stationary. Although Ordinary Least Squares Estimation results
return high R-squared and significant t-statistics, inferences based on traditional statistical tests
could be misleading. For modeling purposes it is vital to test for stationarity of time ser ies
before conducting regression analyses. According to Box and Jenkins (1970), 3 time series can
be made stationary by differencing and then performing the regressions using differenced data.
However, this methodology suffers from loss of information in respect of the long-run
relationship between the variables since in the long run, first differences of the variables are

Zero.

Engel and Granger (1987) have shown that even if variables in their levels are 1(1), it is possible
that 2 special linear combination of these I(1) series is 1(0). This means that the long-run
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components of these variables cancel each other to generate stationary series; these variables
are then said to be co-integrated. The vector that spans the coefficients of this linear
relationship becomes the co-integrating vector. The theoretical strength of this statement is
that it suggests the existence of an adjustment process that stops the movement from the long-
run equilibrium function from becoming larger and larger. In particular Engel and Granger
(1987) provide a two step method for estimating co-integrated systems by Ordinary Least
Squares. It has been shown by Banerjee et al (1986) that when confronted with multiple
contegration and VARSs, there are two problems associated with the two step method. First,
bias in the estimation can be a problem. Second, there is the issue of non-uniqueness when
more than one co-integrating vector is spanned by the variables under investigation. Johansen
and Juselius (1990) provide a maximum likelihood estimation mechanism that captures the
long-run association between the variables and also estimates all the available co-integrating
vectors among the variables in question. The nature of these co-integrating vectors is also
statistically tested.

6.3. Diagnostic Tests

Two kinds of diagnostic tests are applied in the study. The first tests detect nonstationarity
and help in determining the order of integration of the variables in the model. The second
type tests the existence of cointegration.

6.3.1. Unit Root Tests

Testing for unit roots in autoregressive time series models has received considerable attention

in economic literature Dickey (1976), Dickey and Fuller (1979, 1981), Sargan and Bhargava

(1983) and Perron (1989). A simple symptotically valid method of testing for unit roots

adopted in Microfit and Eviews is to employ the augmented Dickey Fuller regression. This
test also verifies whether the series can be represented more appropriately as a difference or
trend stationary process (Elbadawi and Soto, 1995). We also test using Phillips-Perron test,
which is a non-parametric, and therefore not subject to restrictive distributional assumptions
of the Dickey Fuller tests. Table 5 reports the results of the ADF and Philips Perron unit root
test carried out for logs of each of the variables of interest. We conclude that the bulk of the
variables are at least I(1).

Table 5: Unit Root Tests

Variable ADF PP Test Stat Integra"l:i:oln Rank
Narrow Money -1.432 -1.964 1(1)
Broad Money -0.932 -1.691 I(1)
Headline CPI -1.792 -1.802 10)
Underlying Composite CPI -1.834 -1.923
Market Exchange rate -1.282 -2.075 S
Nominal Effective Exchange Rate  -1.505 I(1)
-2.518 1)
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Integration Rank

Vaniable ADF PP Test Stat

Real GDP -3.339 -1.854 I(1)
Terms of Trade -2.064 -2.552 1(1)
Treasury Bill Rate -1.667 -1.822 SR )
Matooke Price Shs’kg -2.708 -3.398 I(1)
Petreleum Price Shs/litre -4.640 -4.389 1(0)
Foreign Wholesale Price 0.494 0314 1(1)
Petrolexm Import Price CIF -2.709 -2.841 I(1)

critical values at 95% ADF -3.524 and PP -3.522

6.3.2. Cointegration Analysis of the Monetary and Foreign Sectors

Engel and Granger two step procedure may either identify a unique cointegrating Vector, 1
there exists only one, or a linear combination of all cointegrating vectors. Johansen an¢
Jeselius (1990) have provided a method of how to compute a maximum likelihood estimato
for the Alpha and Beta coefficients in a multivariate relationship. Stated simply thi
methodology presents a likelihood ratio test of the hypothesis that there exists at most r co-
integrating relationships among a set of variables. We proceed to apply Johansen and Jesulius
(1990) procedure to test whether there is co-integration in the monetary and foreign sectors o
our model. This test produced the results indicated in Tables 6 and 7 below. The test is vital

because, if economic time series are co-integrated, then their relationship is best estimated by
an error correction representation which permits the incorporation of both short-run impacts
in addition to feed-back innovations. The speed of adjustment to the long-run equilibrium is
also availed as suggested by (Engel and Granger 1987).

6.4. Estimation Results

Having established the order of integration of the variables, we move on to test for and
estimate long run relationships in the monetary and foreign sectors. Tables 6 and 7 present the
results of these tests. In the monetary sector the LR test indicates the availability of two
possible cointegration equations at the 5% level of significance while only 1 cointegration
equation is available in the foreign sector.
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Table 6: Johansens Cointegration Tests for the Monetary Sector
2 :

Series - Headline inflation, Real GDP, money and treasury bill rate
eries :
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Eigenvalue L:keh}}oo 1 P :
Ratio Test s
46 None
510699 60.91775 47.21 54.4 s 2
- 64
; 32.32662 29.68 15.6
427783 i 5 e
# 9.997140 15.41 20 3
0.204443 9. i s
020992 0.848622 3.76
0.

= : igni level.
is of at least 5% significance
—ction of the hypothesis o t 5% S :
o) aerct rc’czc::::irr::egfating equations at 5% significance leve!
indicates

LR test1

hansens Co-integration Tests for the Foreign Sector
Table 7: Johan
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pa1RE 232662 29.68 35.64
- At most 2
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0.204443 oy e e
0.
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is of at least 5% significance
¥ - hypothesis o
ection of the

i i % significance level.
# (#%) denotes :cs} | cointegrating equation at 5% sig
indicate
LR test it

6.4.1 Thelong Run Analysis

03-0.66 LGDP+0.17LM1+044LNEER+22LPF.....(I2)
LRGRESLES (:4.24) (1.86) (8.04) (7.83)

- 1 results for the complete model ?:ields equation (12)lbelow; J '

The OLS regression res’ nts on the explanatory variables make economic sense. An Increase in
The signs of the Co?ffld:n increased transactions demand for money balances which is turn
real income fgeds lnti) Growth in nominal money balances beyond that demanded b
lowers the price level. oally be expected to feed through to
economy would ratIC; minal effective exchange rate would
depreciation of the n s of trade would lead to increase in
deterioration of t‘he tcrmd oods it implies that an increase
also depends on lrll'lpgrzz c%eterioration in domestic prices.
SR Wofu Iﬁe :;:finition of monetary aggregate applied in
irrespective O

y the
higher domestic prices. A

pass through to prices while
domestic prices. Since Uganda
in wholesale prices of partner

These results are consistent
the estimation.

tion (12) shows that a 10 percent rise in. resl GD_P would lead, cezeris paribus, to a 6.6
Equa ¢ fall in price level. As expected monetary expansjon has an influence on price level, a 10
pel’cef;t rise in money stock would lead toa 1.7 percene
perce

se in price level. O the other hand a
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10 percent depreciation in the nominal effective exchange rate would lead to a 4.4 percent ris

in the domestic consumer price index in the long run. A 10 per increase in foreign prices leads
to a 22.4 percent increase in domestic prices. We also estimate long run inflation equatios
using the underlying composite consumer price index, which produced the relationships

shown in equation (13) below;

LUCCPI =10.94-1.18LGDP +0.45LM1+0.27LNEER + . 65LPF  (13)
(7.76) ~ (5.00)  (5.02) (5.88)

The results for underlying inflation return the expected signs as was the case for headlin

inflation.

6.4.2. The Short Run Dynamic Analysis of Headline and Underlyiﬁg CPI

We start with an over-parameterized equation that incorporates the ECM in differences using
ordinary least squares. The results obtained for headline and underlying CPI are shown im
tables 8 through 9 and the monertary aggregate employed is M1. The estimation proces
involves the dropping of variables that are insignificant and this is done in conformity with
the varizble deletion tests. Real GDP growth leads to a favorable downward trend in evolutiom
of the domestic price level in both the headline and underlying cases. In the short-run th
second lag of money was important. In the foreign sector nominal depreciation of the
exchange rate fed into increased inflation. The evolution of the foreign price level wa.
important. There was a 49 percent and 53 percent feedback from the ECM to the short-rur

adjustment process in the headline and underlying inflation equations respectively.



Table 8: Estimation Results for Headline Inflation
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Table 9: Estimation Results for Underlying Inflation

Ordinary Least Squares Estimation

AR ERATIASETNRARRATIIS R AR Ay

Dependent variable is DLUCCPI

srsasndtaRR At RdrRA R TR RTR R AR AR AR AN

37 chservations used for estimation from 199004 to 1999Q4

I R T e e R R R R RS ARt

Regressor

Standard Error T-Ratio[Prob)

CoNs .019475 1.5802[.128]
DLUCCFI (-2} .10924 5.1738(.000)
.10363 2.8941(.008)

1.3954 -2.2298[.038]

1.9352 1.9902(.059]

1.6131 -3.0394(.006]

.96681 2.2219(.0386)

.082248 3.1034([.005])

.060236 3.7993([.001)

DLREER (-2) .069647 -2.6501[.014]
DLPF .30916 2.41568[.024)
DLPF{-1) .27612 -3.9888([.001)
DLF i .26679 -2.2086(.037)
E .11115 -4.7384[.000]
TR vesaRda TR RRTRRRARREROEST AN Y v-‘..l‘.llll.t!t"!!t.tvtltl‘t."li*i'ttiix
R-Squazed R-Bar-Squared .78351
S.E. of Regression F-stat. F({ 13, 23) 11.0221(.000]
Mean of Dependent Variable 5.D. of Dependent Variable .038056
Residual Sum of Sguares Equation Log-likelihood 105.5449
. Criterion Schwarz Bayesian Criterion 80.26B5

S R R R R AR R

Diagnostic Tests
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= Test Startistics LM Version . F Version
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N . .
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The long and short run models based on M2 as a measure of monetary based are presented in the
appendix.

6.5. Conclusions and Implications for Policy

Quarterly and monthly data for the period 1989 to 1999 was employed to estimate an inflation
equation and characterize inflation into three unobserved components namely; the trend,
seasonal and irregular respectively. The behavior of the trend components suggests that it was
the nature of the macroeconomic policy management stance that largely underpinned it’s
evolution, while, preliminary indications were that the seasonal component was affected by
shocks from seasonality related to agricultural production and weather. The irregular
component however, appeared to have been affected by externalities such as shocks arising
from coffee boom effect.

The preferred models fonj inflation exhibit theory consistent long- and short-run dynamic
properties. A reasonable impact on underlying prices was found to originate from nominal
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money growth and exchange rate depreciation. The strongest impact on underlying prices
however appears to come from foreign prices. The contemporaneous and lagged components
of these prices are very important in the domestic price formation process. For headline prices
dampening effects tended to originate from real output expansion. Growth in money tended
to increase prices as did nominal depreciation in the exchange rate. The overall impact was
that an increase in foreign prices fed through to increased domestic prices.

The maintenance of price stability in an economy is a cardinal objective of the Central Bank.
It presupposes rigorous and continued investigation into the prime movers of price level
dynamics. This is important if the efficiency of monetary policy is to be improved. Price-
stability should be emphasized as the over-riding objective of monetary policy. Transparency
in the conduct of monetary policy is essential and building capacity for this process is required
in two key areas. First, in model building and second, in the analytical capacity to further
investigate the transmission mechanism and improve forecasting ability. A credible framework
for conduct of monetary policy needs to be designed in which the majority of stakeholders
have confidence. This will help build credibility and ensure continuity of deliverance of price
stability. This framework must be adapted to local conditions by employing money as an
instrument rather than interest rate instrument. The strategy should be simple and should be
refined over time to signal commitment to low inflation. This simple mechanism should be
implemented as an interim measure while more comprehensive models are built.

Transparency of the Central Bank is critical to ensure accountability and to help the public
appreciate what the Central Bank is doing. The Central Banks needs to provide enough
information for the public to understand the policy regime. It is also important in the sense
that the public will be able to verify policy actions and be able to pass judgment on the
Central Bank’s performance. Part of the transparency requirement is that the definition of
price stability or the level of the target needs to be analyzed. Traditionally and on account of
measurement problems of the consumer price index, growth considerations and the zero
lower band on nominal interest rates, most central banks aim for annual inflation in the 0-4
percent range. Government has been targeting 5 percent annual inflation rate. The question
that arises is whether this is an appropriate definition of price stability. This is an empirical
question, but once authorities agree on what constitutes price stability, it ought to be
communicated to the public, so that agents understand in quantitative terms, what price
stability is.

It is important to agree on the measure of inflation to monitor. The debate here is between
headline and underlying. Which should constitute a measure of core inflation? As shown in
the analysis headline inflation has been volatile and its use could lead to missing of the set
target. In addition, some components of headline inflation are beyond monetary policy. This
measure could also be subject to perverse effects from interest rate changes. Again, the use of
headline requires the employment of caveats or escape clauses to be specified in advance when
target may be breached. However, it is not feasible to specify all contingencies in advance and
this may introduce subjective judgement and hence lack of transparency. A good measure of
core inflation is required because it removes the volatile component of the consumer price
index. It is however, important to make the measure understandable to the public. Currently
Uganda Bureau of Statistics calculates headline inflation and underlying inflation excluding
food crops. Further research is needed in the area of measuring core inflation so that a more
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here it is not used as a target, su<

efficient measure of core inflation can be produced. Even w
It can *

an efficient measure is an important input in the internal monetary policy process.
used in taking decisions for action of monetary policy and forecasting inflation.

Work on forecasting inflation needs to be emphasized. This requires understanding of t¥
inflation dynamics to discern as this study has done variables, which matter. It is als
important to understand the role of expectations, as these are implicit in other prices suc?l
the exchange rate. It is necessary, to understand the transmission mechanism as this determir<
the ability of policy instruments to manage inflation. Specifically, Bank of Uganda needs ®
devise a model for forecasting inflation, make mandatory periodical quarterly surveys €
expectations and clearly define through empirical studies, the impact of instruments, and the
lags on inflation. Human resource capacity need to be built up asa relatively large amount ¢
manpower is necessary for the background work of model estimation, surveys and repo-
writing. These are necessary tasks for successful price stability. Data requirements for succe
in inflation forecasting are huge but not insurmountable. For example, real sector datan

to be availed more regularly and on a timely basis. Serious consideration needs to be effeCte‘
by Uganda Bureau of Statistics towards the generation of real time quarterly Gross Domest®
Product series. As a stopgap measure, the Bureau could preduce a combined index of industr#
and agricultural production for possible use as a scale variable in future analytical work
Availability of such tools and early warning indicators is important to strengthen the cultur”
of model-based analysis in policy design.

pening inflatiorx
form. It shoule
d viable
rt real
n the

The results have shown the important role that productivity plays in dam
The ‘Central Bank needs to move forward with the process of financial re
continue to improve the prudential and supervisory components so that a strong an
banking sector can be able to make more and relatively cheap credit available to suppo
sector activities. In addition, The study also indicates the need to take into consideratio
issue of seasonality in formulation of monetary policy decisions. Currently, the key policy
instruments available to the central Bank are foreign exchange intervention, treasury bill sales,
the Bank of_Uganda Bills and Repurchase Agreements. It is important that this range of
instruments is expanded and balanced as liquidity management is important for stability ir
both the shilling and foreign exchange markets.
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APPENDIX : A

HCCPI is the Headline Composite Consumer Price Index obtained from the Uganda Bureau
of Statistics (UBOS).

ed from the Ugand2

UCCPI is the Underlying Composite Consumer Price Index obtain - '
lity in food prices ort

Bureau of Statistics (UBOS). Helps to assess the impact of seasonal volati
long-term inflation by excluding the volatile food prices.

ts and M2 is M1 plus

Money, ML, is the currency in circulation plus private demand deposi : T
lus foreign exchang

total private deposits including certificates of deposits, M3 is M2 p
deposits obtained from the Bank of Uganda Database

Output , RGDP, is the yearly GDP in 1991 prices from UBOS database, interpolated to. <
quarterly series.

Nominal Effective Exchange Rate, NEER, is the market weighted exchange mte’,Whg e{f:i
weights are based on the trade shares for each year for each of the following countr1es; n'lI'he
States, United Kingdom, France, Italy, Japan, Netherlands, Germany, India and Kenya.
sources are IFS database, World Trade Yearbook and Bank of Uganda.

Interest rate, TBI, is the three months treasury bill interest rate measured as the nominal
treasury bill rate for underlying CPI and real treasury bill rate for headline CPI

' : . : sl : . for
Foreign Price Level, Pf, is the weighted wholesale price index, using the same weights as f

. - 2 . g 1
the exchange rate, and the consumer price indices for country. For oil imports the oil price
was employed.

Matooke prices, Price in Shillings per Kg supplied by the Uganda Bureau of Statistics, Uganda

Pf‘m!fum Price, supplied by Ministry of Energy and Mineral Resources and the Bank of
Uganda, Uganda.
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ANOVA Test for Seasonality in Headline and Underlying Inflation

The regression eguation is

head = 1.40 jan + 0.587 feb + 1.22 mar + 2.59 apr + 0.745 may - 0.358 jun
- 0.208 jul + 0.226 aug + 1.78 sep + 1.95 oct + 1.15 nov + 1.03 dec
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jul o & 2
aug 0]
sep 1
oct 1
nowv 3
dec 58
5 = 2.067
Analysis of Variance
SOURCE DF
Regression 12
Error 107
Total 119

Stdevw

. 6890
St iE )
.. 6537
6537
. 6537
6537
0.8537
0.6537
0.6537
0.86537
0.6537
0.6537

.

O0000

S8
204 .344
457.216
661.5¢61

The regression equation is

under =

Predictor

2.46 jan + 1.83
+ 1.49 jul + 0.993 aug +

Coef

4623
8307
5300
5735
5387

. 9182
.4897
.9926
.2823
-9895
.3039
.4816

Noconstant

jan 2
feb 1.
mar .3
apr C.
may 0.,
jun o)
jul 1
aug o}
sep 1
oct o]
nov 9]
dec (0}
s = 1.476
Analysis of Variance
SOURCE DF
Regression 12
Error 107
Total 119

Stdev

. 4921
.466°2
.46692
.466°2
L4068
L4669
L4662
.4669
.1662
0.4669
0.4669
0.4€€9

COoOCcCoO0000

S

35
160.531
233.228
393.759

feb + 0.530 mar
= 19

t-ratio

203
0.90
1.87
3.96
1.14
=055
-0.32
0.35
2.72
2.98
T b
L.28

MS
17.:029
4.273

0
28 gep .+ 0

t-ratio

5.00
3.92
1.14
1.23
Ld5
1,97
319
L
2.75
1.26
0.65
Q.99

MS
13.378
2.180

cooo00o0OOoO0O00
o G

wn

(=

P
3,99 0.000

.574 apr + 0.539 may + 0.918 jun
.590 oct + 0.304 nov + 0.462 dec

P
6.14 0.000
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The regressicn equaticn is
services = 1.67 jan + 2.51 feb + 0.480 mar + 0.851 apr + 1.85 may + 2.09
jun + 1.34 jul + 1.43 aug + 2.09 sep + 0.430 oct + 0.546 nov + 0.494 dec

eb
2.

Predictor Coef Stdev t-ratio P

Noconstant

jan 1.6721 0.6493 2.58 0.011

feb 2.507 0.6160 4.07 ©.000

mar 0.4796 0.6160 .78 0.438

apr 0.851C 0.6160 1.38 0.170

may 1.8519 0.6160 3.01 0.003

jun 2.0%0¢ 0.6160 3D 0.001

jul 1.342% Lt 2+18 0.031

aug 1.4253 i 2531 0.023

sep 2.0857 g, 3.39 0.001

oct 0.4304 0 0.70 0.486

nov 0.5463 0 0.89 0.377

dec 0.4843 0.6160 0.80 0.424

5 = 1.948

Analysis of Variance

SOURCE DF ss MS F P

Regression 12 264.747 22.062 5.81 0.000

Error 107 405.985 3.794

Total 119 70.731

The regression eguation is :

goods = 2.83 3an + 1.54 feb + 0.554 mar + 0.418 apr - 0.038 may + 0.445 Jun
- 1.58 jul + 0.876 aug + 0.782 sep + 0.757 oct + 0.123 nov
+ 0.485 dec

Predictor Coef Stdev t-ratio p

Noconstant

jan 2.8261 0.5452 520 0.000

feb 1.5428 0.5153 2.99 0.003

mar 0.5542 0.5153 1.08 0.285

apr 0.4180 g:5153 0.81 0.419

may -0.C378 0.5153 =0, 07 0.942

jun 0.444% 0.5153 0.86 0.390

jul 1:.577 0.5153 3.06 0.003

aug 0.8763 0.5153 1570 0.092

sep 0.7819 0.51E3 1.52 0.3132

oct 0.7566 0.5153 1.47 0.145

nov 0.1234 05153 0.24 0.811

dec 0.4B350 0. 5153 0.94 0.349

s =" 1.629
Analysis of Variance

SOURCE DF 58 MS F P
Regressicn i2 149.393 12.449 4.69 0.000
Error 107 284.105 2.655

Total 118 433.498
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The regression equation is

food = — 0.91 jan =.1,92 feb, 4 3.16 map & J.Z30apn £ ur

1.14 may - 3.21 3
— 4,17 JulY ="31.64" aug + 3-21 sep + H.1Y oot + 3,13 hov + 2.31 dec
Predictor Coef Stdev =—ratio =]
Noconstant
jan -0.911 1.57€ ~0.58 0.562
feb —1..81.9 1.420 =1.29 0.201
mar 3.161 1.49C 2,322 0.036
apr 7.226 1.49%0 4.85 0.000
may 1.136 1.490 0.76 0.448
jun -3.206 1.490 =10 0.034
jul -4.174 1.490 ~-2.80 0.006
aug -1.640 1.490 =1.310 0.273
sep 3.211 L.490 2.16 0.033
oct 5.190 1.490 3.48 0.001
nov 3.1286 1.490 2510 0.038
dec 2,313 1.490 1.55 0.123
s = 4731
Analysis of Variance
SOURCE DF SS MS E p
Regression 1z 1506.85 125.57 5.66 0.000
Error 107 2374.63 22.19
Total 119 3881.48

Table 10: Annual Percentage Changes in CPI and the Programmed Target

Financial Year Programme | Headline Underlying Deviation Deviation
Target (P) (Ph) (Px) (Ph-P) (Pu-P)

1995/1996 5.0 7.5 10.9 +2.5 5.9
1996/1997 5.0 6.4 4.4 +1.4 0.6
1997/1998 5.0 7.1 1.0 +2.1 40
1998/199%9 5.0 0.2 2.8 -4.8 2.2
199972000 5.0 59 5.0 19 0.0
2000/2001 5.0 4.6 51 0.4 +0.1

Source: UBOS and Bank of Uganda



Table 11:Estimation Results for Headline Inflation with Teims of Trade

lhepi = 1.49 cons —0.68lgdp+0.241m1+0.051tbr+0.38Incer+0.21tot+2.151pf
0.5) (-4.2) (2.2) (1.3) (4.6) (0.3) (6.8)

Ordinary Least Squares Estimation

shhsdsbbndhbhadnrunbdnbbbbrdonnhbbrritrnkenhdhhk

I."'I....tlt'ti--!.t.‘-.lluQ-i
Dependent variable is DLHCFI
38 observations used for estimation from 199003 to 139904

i e R T e T S i

Regressor Standard Error T-Ratio|Prob]
CONS .023128 1.5788(.126]
DLGDP (-2) 1.2784 -2.4804[.020]
LMl (-2) .0902863 5.6767[.000])
DLMI (-3} .088662 2.5715(.0186]
DLTBR .025879 2.0807(.047]
DLTER (-1 .027424 2.7275[.011]
DLNEER (- .087489 3.2393([.003])
DLBF(-1) .43128 -2.1841([.038]}
DLEF (-3) .34421 2.5138[.018])
DLTOT .044553 1.5900(.123]
.13320 -2.3993[.024]

ECMZ (-1)
‘II'-"‘.t‘t.---t.-'-titl-.‘-1i-t'v.'1.Q*‘lIIﬁ‘*“lDl***'C"i.l‘i’i******'**l*

R-Squared =187 R-Bar-Squared .68751
S.E. of Regression .027505 F-stat. F( 10, 27) 9.1403(.000)
Mean of Dependent Variable .031549 S.D. of Dependent Variable .049202
Residual Sum of Squares 020425 Equation Log-likelihood 89.1229

Criterion 18.1229 Schwarz Bayesian Criterion 69.1162

Akaike Info.
DW-statistic 3

R I

61
AR A A AL A S e A R R e R R e R R R

Diagnostic Tests
R e e e AR S e R R AR R RS R LR

» F Version

o Test Statistics * M
T T e T T T T T Ty e o S AU
A:Serial Correlation*CHSQ( 4)= 4.9434[.293)*F( 4, 23)= .B5988(.503]
- -

B:Functional Form *CHSQ( 1)= 3.5415(.060]*F( 1, 26)= 2.6722(.114]
*

*CHSQ{ Z2)= 1.2259([.542])* Not applicable
3.0339(.082)*F( 1, 36)= 3.1235[.086}

R E tt-rtlt‘ttvt--!lltiti'i*&tl*i*t*tli*kii**

.
.
-
.
* C:Normality
.
-
-

sidual serial correlation

sguare of the fitted values

nd kurtosis of residuals

suuared residuals on squared fitted values

:Based on
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4 i tion with M2
Table 12. Estimation Results for Underlying Infla
r+0 er+1.08ipf
luccpi = 15.6 cons —1.341gdp+0.601m2+0.051tb '21%1:“ {2.91p
(-4.4) (=TLEY TS (1.7 i
! = ation
1 Ordlnafy l-l";.'i;\."xt‘3?3253":’*%%&%?1&.'*.t)trititttitl’tiiitti*i
IS T R S R - o A
r : g i
Dependent variable is DLUCCPZI
36pobservations used for estimation from 1991Q1 to 1999Q4 LR e
i ..‘**“tﬂitti*i*it**it’itikullt'wa-l;ttiiﬁiii."l’****"'*""**""'
Regressor Coefficient Standard Error T-Ratio[Prob]
CO?IS -.012871 .0074035 -1.7385([.094]
: DLM1 (~2) .19631 .082859 2.3692(.025]
‘ DLNEER .20865 .078525 2.6572(.013]
DLNEER (-1) .2S037 .067859 4.275%0[.000]
DLNEER (-3} .11564 .061987 1.86611.073]
DLPF .84514 29926 2.8241(.009]
DLPF (-2) -56295 .24712 2.03521.052]
4 DLEF (-3) . 60660 .26013 2.33191.027}
- ECV2(-1) -.38583 .11747 -3.2844(.003]
E .‘tﬁ-tkt&ﬁlﬁl*ki*itti-ﬁw*w-&i-a—itlt—---tiI-it-ttii-i‘-l'i-viti‘-ﬁéttlv"iiﬂ'"tittiiilii
R-Sqguared .73095 R-Bar-Squared .66290
3 S.E. of Regression . 022375 F-stat. F{ 8, 2% 9.6034([.000}
. Mean of Dependent Variable .G26%961 S.D. of Dependent Variable .038537
: Residual Sum of Sqguares 023517 Equation Log-likelihood 90.8838
: Akaike Info. Criterion 81 .BR98 Schwarz Bayesian Criterion 74.7640
¢ DW-statistic 1.6709
'_ **.ﬁi—ﬁﬁ-ﬁ-ﬁt**ﬁ*"‘*‘ﬁﬁwt‘qi*iﬁﬁ-ii'iv".tilifi‘i*i’****wiﬁﬁﬁﬁl‘iﬁlt*“l“li’f""“’tf
A Diaunostic Tests
L I i i R e R R e R R R R R R R S
- w Test Statistics * Ll Version - F Version
'y. D R B e T s R
b * * -
Er A:Serial Correlation*CHSQ{( 4)= 9.2788(.0541*F( 4, 23)= 1.9967[.129])
E_. B:Functional Form

-
: ':CHSQ( 1)= 3.6511([.056]*F( 1, 26)= 2.9345(.098]
* C:Normality :CHSQi 2)= .?8640[-615]: Not applicable
S DiveverorsedarvisieyioNGl 1t UISMLIMIEC n aue st

R i T T o S
A:Lagrange residual serial correlation
B:Ramsey's RESET test using the square of the fitted values
C:Based on a test of skewness and kurtosis of residuals
D:Based on the regression of squared residuals on squared fitted wvalues

multiplier test of
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Table 13: Short Run Results for Headline CPI Based on M2 as a Measure for the
Monetary Base

Ihepi = 1.65 cons — 0.67lgdp + 0.17hin2 + 0.43Ineer + 2.161pf
(S f=3.9) (1.7) (7.4) (iG]

Ordinary 1.¢ast Squares Estimation

srsasssrr it kit iRkt s iR as o s ek dhkkkkdkdokhkkkkrkkdokkkok ok ko dkokk ok kkk k¥ ¥

Dependent variable is DLHCPI
37 cbservaticns used for estimation from 199004 to 19293804
T L el T T e e e e e e R R R R RS s E RS S

Regresscr Coefficient Standard Error T-Ratio[Prob]
coNs .020534 2.3878[.026]
DLHCEI (-1) .13962 2.9869([.007]
.10582 4.9874[.000]
s 11953 3.0156[.006]
1.6262 -3.8840([.001]
1.5107 2.9506[.007]
.12504 -2.9465[.007]
.11540 -3.73111.001}
075473 5.1006[.000]
.085308 2 :TT39[-011])
.094851 -2.9099(.008]
.076087 -4.2382([.000]
.42093 6.7404[.000]
.36596 -2.0283[.055]
.1514%9 -6.7765([.000]
I E AR A R R R R R RS R R R R R R R SR S S SR R R R R S S SR B EEEE S =
9 R-Bar-Squared -B82538
2 F-stat. F{ 14, 22) 13.1548([.000]
22 S.D. of Dependent Variable .049278
87 Equation Log-likelihood 100.78B25
E 325 Schwarz Bayesian Criterion 73.7006
Z.18B3
. IR R R RS R e R R R R R S RS R R R RS EEE S

Diegnostic Tests
hhk bk kb ok khhk kb h kahhk ok ko ok ok dr ok ok ok bk ok ok e o ko

* Test Statistics - LM Version * F Version

bR R AR AR R R R R B R R R

- - *

* R:Serizl Correlation*CHSQ({ )= 3.0098([.556]*F( 4, 18)= .39848B[.807)

* B:Funcrional Form *CHSQ({ 1}= 9.2157[.022]*F{ b 21)= 3.4923[.076]

- . -

= 2= 3.2651[.195}* Not applicable

- *

: )= 1.2232[.269)*F( 1, 35)= 1.1966[.281]
------ LR O R R R R R R R R R R s R

residual serial correlation

sgquare of the fitted values

i kurtosis of residuals

-quared residuals on squared fitted wvalues

"
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he
M2 as a Measure for t
Table 14: Short Run Results for Underlying CPI Based o

Monctary Base

i=15 + 0.15Ineer + 1.08Ipf
lucepi = 15.61 cons — 1.341gdp + 0.601m2 + 0.05ltbr (2.9)
(4.4 3 (1.7} (2.9 e
-4) (=7 .7 ) (5.0 re; Estimaticn s RaREE
rdi v Leas ua P
‘[l)*t.‘tikItir*\k*ilr*-i.ﬁ#iii?:c‘it??ff":“::““"‘E‘_'E?**.****i*'*..***i**wb*ti

EPEndent var s !
3 iable is pLyuccpr
- ..3.2?§EEV3t10nS used for estimaticn from lggo?&ﬁt?t%????iiiii*ii*tbivfiittkti
k- - * * 1"kii‘k**iri*ﬁ‘ ek bk ws ko h ek bRk R * . P Ob]
3 Qegre e ror T-Ratio[Pr
‘ Soms 5 bl SN ~.17187[.865]
: Preost =21 Bl Ll ".12424 3.6498(.001]
: DLUCCPT (-4q) -45347 i 5. 28821 .030]
: o : A2 laA 1.1563 -2.4485[.021]
; Braor (=4 sookbio 1.0146 2.6025(.015]

Bl ® e 088630 3.3696(.002]
E s el £064576 2.6115[.014]
E MIuSERL] b " .28343 -2.1746(.038]
: mex o SR e 12845 -4.2095(.000]
3 R *‘(*‘***+**‘-***"**Ki*t-wi:;‘:;?z‘_i‘*,_‘,‘.**q***yil:*tiiwt'i*et*tﬂttkittiiiii’i‘"i*
: = Ated 74682 HeBap-Separed . 67422
E Mean of Regression .021721  F-stat. F( 8, 28] 10.3131[.000]
: Residﬁ;‘iDEPendent Variable -027306 S.D. of Dependent Variable .038056
3 Akajke ini‘;‘“‘ ©f Squares .013211  Equation Log-likelihood edgggg
3 cna s Statiseso Criterion BS.3455 Schwarz Bayesian Criterion 78.
1 -
:

B
L 1.757%
**"‘**"t—*in*iﬁ-w-witt-t-rwttl‘itiiiiitiiiitwtitttktl‘tti‘tr't-‘t*'t'

Diagnostic Tests
- = *hﬁ*‘r&ii*‘;*-‘i-—it—v—v0(-‘---x(-Jv--&ttii*tt*wiﬁ*itiqtﬁtt,.gi'tiiti-iit*i’***"
est Sta+i i
oo g “lsStics - T v = . .
&*tn*it*bitt*‘tt‘,.'*-*‘.‘ IM Version F Version

i e e e e R T L L

A:s 3 b o *
oA C°rr91atlonfc1-15m 4)=  8.5935[.0721*F( 4, 24)=  1.8151(.159]
*CHSQ( 1i= 10.7145{.0011*F( 1, 27)= 11.0057[.003]

C:Normality .

"CHSQ(  2)=  .44216(.802)* Not applicable

L
-

Y

-

B = 4

* Functionay Form
-

.

= D= Heter st

e .?f"f??‘?f%iffgg*cusm e

-45840(.498] *F( 1, 35)=

+

-43906([.512]

e S T T 1
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