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Abstract
This paper tests for the presence of threshold effects in food inflation in Ghana. It uses a regime
switching Threshold Autoregressive Model to identify thresholds and also the effect of food inflation
on agricultural output growth. The findings suggest that threshold effects exist within Ghana’s food
inflation, with the estimated threshold of 11.5%-15.2% lying outside the Central Bank’s targeted
inflation band for the entire economy. Furthermore, while no threshold is identified for the dry
season, a markedly differing threshold of 6.1% is identified for the rainy season as general food prices
in Ghana drop during periods of sustained rainfall. A Smooth Transition Regression Model is
employed for robustness, with expected durations, and expected switching probabilities of
inflationary regimes also estimated.
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1. INTRODUCTION
Inflation persistence has been a problem in developing countries (Phiri, 2016; Gerlach and Tillmann,
2012; Ocran, 2007; Vega and Winkelried, 2005). Due to the link between inflation and economic
growth, much ink has been poured on the literature that studies these two closely watched
macroeconomic variables in developing countries (Bick, 2010; Gokal and Hanif, 2004). The
relationship between inflation and growth is however more complex than envisaged and calls for
further research.
The work by Drukker et al. (2005), which categorizes into four distinct strands, the predictions from
extant literature regarding the inflation-growth nexus aptly highlights the complexity. In the first
strand pioneered by Tobin, (1965), inflation has a positive effect on long-run growth; the second
strand posits that inflation has no effect on growth (Sidrauski, 1967); the third strand in the
literature points to a negative effect of inflation on long-run growth (Stockman, 1981) and the fourth
strand suggests that a nonlinear relationship exists where if inflation rises above a threshold level, it
has a negative effect on long-run growth (Huybens and Smith, 1998).
This complexity has implications for optimal inflation policy and inflation targeting (Correa and
Minella, 2010, Nobay and Peel, 2000). Consequently, there is considerable debate surrounding the
optimal inflation rate for these economies. While some consensus does exist in literature, suggesting
a non-linear relationship between inflation and economic growth (Ghosh and Phillips, 1998; Judson
and Orphanides, 1999; Khan and Senhadji, 2001; Gillman et al., 2003), there are still substantial
views on a linear relationship between inflation and growth (Fischer, 1993; Sarel, 1996; Bruno and
Easterly, 1999; Barro, 1990; 2001).
As noted earlier inflation persistence and the management of it has been a challenge for developing
countries particularly those in Africa (Phiri, 2016; 2012). Ghana is one of such developing countries in
Africa where inflation persistence and its management has been a problem (Sowa and Kwakye,
1993, 1994; Sowa 1994, 1996; Boafo-Arthur, 1999; Ocran, 2007; Marbuah, 2011). Ghana has had a
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chequered history with inflation. Ocran (2007) describes Ghana’s inflation experience since its
independence in 1957 as episodic. He isolates four distinct episodes: the immediate postindependence, national reconstruction and development phase (1957-1966), the first International
Monetary Fund (IMF) supported-stabilization phase (1967-1971), the deterioration phase (19721982), and the second stabilization inflation phase (1983-2003).
There also appear to be a nonlinear relationship between inflation and growth, however the nature
of this relationship and the consequent possible thresholds is rather inconclusive from the few
studies existing on Ghana (Frimpong and Oteng-Abeyie, 2010; Quartey, 2010; Marbuah, 2011;
Ahortor et al., 2012).
Moreover, all the four papers mentioned above failed to test for the direction of causality between
inflation and growth, and thus, a potential bias could exist if causality runs from growth to inflation
or less seriously, an endogeneity crisis if the reverse is the case (Khan and Senhadji, 2001).
Furthermore, as huge variations exist within their estimated thresholds, we revisit their studies, by
testing for the direction of causality, after which we push the frontiers of research by extending the
analysis to the estimation of the inflation thresholds at the sector-specific level.
Chaudhry et al. (2013) observe that no empirical study has been carried out to ascertain the inflation
threshold level within the various sectors of an economy, much less the Ghanaian economy. It is
therefore crucial that a line of studies open up which focus on sectorial threshold inflation levels, as
the nationwide inflation target band set by the central bank may favour only certain sectors of the
economy, to the detriment of other sectors, thereby unduly sacrificing sectorial output growth.
Evidently, in the same manner that cross-country inflation threshold studies fail to recognize the
idiosyncrasies of the various countries within the study, nationwide inflation threshold studies also
fail to recognize the idiosyncrasies of the various sectors within the economy.
The economy of Ghana exhibits sectorial and regional variations which uniquely drive economic
activities. Inflation data from the Ghana Statistical Office clearly reveal these variations (see figure
1). The varied inflationary nature of the sectors the economy go on to reiterate the fact that a single
economy-wide inflation target for all these different sectors may not be meaningful for the optimal
growth of Ghana’s economy. This shows that once Ghana’s data is disaggregated, the various sectors
possess very differing dynamics. Thus, it is evident that a single inflation target system would not
appropriately cater for these variations. In the food sector in particular, a biannual rainy cycle is
experienced and observed as two distinct rainy seasons. With this cycle, general food prices
drastically fall in the major season, between April and mid-July, while a less rapid fall in food prices is
witnessed in the minor season, between September and mid-November. Moreover, between the
northern and southern farming hubs of the country, these rainy cycles do not occur in tandem. Since
Ghana’s food sector is majorly rainfall-dependent, it is highly probable that each region or sector will
thus have optimal inflation rates which are growth enhancing, and yet distinct from the aggregate
target. However no prior attempt has been made to estimate sector-specific inflation thresholds.
The intuition behind sector-specific analysis particularly for the Ghanaian economy is multifaceted,
and intertwines with the motivation and significance of this study. For instance, while aggregate
inflation data seems to suggest a harmony with the fourth theoretical strand of threshold nonlinearity, it could well be that disaggregated or sectorial data might exhibit compatibility with an
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alternate theoretical strand, or possibly, none of the strands identified by Drukker et al. (2005). This
paper thus assists in determining which theory is affirmed when sectorial inflation data is employed.
In addition, the dual nature of the Ghanaian economy as well as its very diverse sectorial variations
imply that a single economy-wide inflation target may not be meaningful in attaining optimum
growth (Heintz and Ndikumana, 2011). Certain sectors may still be able to contribute much more to
Ghana's economic growth in far higher rates of inflation above the so-called economy-wide
optimum inflation level. Indeed Christiaensen et al. (2011) and Cervantes-Godoy and Dewbre (2010)
assert that stifling the output potential of a key sector, such as the agricultural sector for example
which is a lynchpin for inclusive growth, could impede efforts at achieving poverty reduction in the
economy.
Figure 1 below clearly proves the varied inflationary nature of the various sectors and sub-sectors
within the Ghanaian economy, which go on to reiterate the fact that a single economy-wide inflation
target for all these different sectors may not be meaningful for the optimal growth of Ghana’s
economy. Inflationary dynamics for food inflation from figure 1 also reveal that although the average
food inflation lies within the central bank’s inflation target range, of the 11 sub-groups presented,
only 4 sub-groups actually lie within that same inflation range. None of the sub-groups presented lie
close to the central bank’s targeted inflation band. This shows that once Ghana’s data is
disaggregated, the various sectors possess very differing dynamics and hence warrant critical
examination into their particular inflation thresholds.
This paper therefore argues that individual sectors should each determine their sector-specific
optimum inflation levels, so as not to stifle the overall growth of Ghana's economy. Hence, a vital
research and policy need is created, and this current study attempts to fill this gap by determining if
sector-specific threshold effects exist within the Ghanaian context.

Figure 1: Monthly Sectorial Inflation dynamics, December 2015 Source: Ghana Statistical Service 2015
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Coupled with the very scanty threshold inflation literature on Ghana, there also exists a lack of
consensus at the aggregate level of inflation threshold estimation. Frimpong and Oteng-Abeyie
(2010) estimate a threshold of 11%, while Marbuah (2011) and Ahortor et al. (2012) both estimate a
10% threshold, with Quartey (2010) estimating a conspicuously high threshold of 22.2%. Why the
range of aggregate threshold estimates are so wide apart remains to be investigated. This puzzle of
divergent and conflicting threshold estimates, coupled with the fact that no prior attempt has been
made to estimate sector-specific inflation thresholds gives this study the two-pronged task of revisiting those papers and estimating sectorial thresholds.
Finally, within Sub-Saharan Africa (SSA), although a number of economies have inflation targets, they
have not implemented a policy of formal inflation targeting. To date, only Ghana and South Africa
have formally adopted inflation targeting (Heintz and Ndikumana, 2011). A more marked difference
may exist between the aggregate and food sector thresholds of the Ghanaian economy since it is
more rain-fed, as against that of the South African economy. As a result of all the above, this paper
currently focuses on Ghana to estimate sectorial inflation.
The remainder of the paper is structured as follows: section 3 delves into the theoretical and
empirical review on threshold inflation and growth, while section 4 outlines the methodology.
Results follow in section 5, with and the conclusion and recommendations in the final section.
2. INFLATION MANAGEMENT IN GHANA
This section of the paper examines the various aspects of Ghana’s inflationary experience since
independence as well as policy interventions put in place to manage inflation over the years. Figure
2 illustrates the inflationary trend of Ghana from the early 1960s. Prior to 1972, lower inflation rates
on average are observed compared to subsequent periods of hyperinflation and declining economic
growth, ultimately leading to the adoption of an Economic Recovery Program (ERP) in 1983. We
divide the discussion into five phases: the post-tranquil era (1957-1966), rising inflation (1967-1971),
the hyperinflation period (1972-1982), stabilization phase (1983-2003), and the current inflation
experience (2004-date).
The post-tranquil era (1957-1966): Ocran (2007) describes Ghana’s inflation experience prior to this
first period as tranquil due to the existence of the West African Currency Board (WACB), to which
Ghana belonged. With the help of the WACB, the Ghana government was able to keep inflation at
bay by relying solely on taxing or borrowing, and not on the printing of money to finance its
expenditure. Indeed, in the years of the WACB, Ghana persistently experienced single digit inflation
rates which were estimated at less than 1%. However, following Ghana’s exit from the WACB in
1957, the board could no longer dictate the path of Ghana’s monetary policy. The then Nkrumah
administration which obtained independence for the country swiftly embarked on a massive and
unprecedented industrialization drive. All over the country, import substitution industries were
established, and due to the sudden volumes of major infrastructure investments, the economy
inevitably began to heat up (Sowa, 1993; Ocran, 2007).
Being state owned and managed, and excessively protected by overlapping levels of tariff structures,
these industries performed woefully, due in part to incompetent management and difficulties in
obtaining input supplies due to dwindling foreign exchange reserves. Following the collapse of the
commodity market, surpluses which Ghana had stored up due to the heavy taxation of its cocoa crop
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eventually dried up. Yet the investment drive went on unabated, being financed heavily with
overseas loans. Gradually, inflation started to rise from its previous less than unitary value under the
WACB to an average of 8% per annum between 1960 and 1963. The excessive investment activity
during this period was evidenced more in demand pressure than in output expansion, causing a
strong upward pressure on prices (Sowa, 1993).
The growing inflation was managed by maintaining import supplies and financing fiscal deficits with
external reserves which had been accumulated prior to independence. As these reserves dried up,
the government resorted to central bank financing since attempts to increase import duties failed in
closing the budget gap. This led to strong inflationary pressure particularly in the last three years
leading up to the overthrow of the Nkrumah administration in February 1966. From an average of
8% per annum between 1960 and 1963, inflation increased to 15.8% in 1964, and almost tripled to
an average of 23% per annum between 1964 and 1966. Ripples of the 1964 inflationary pressure led
to a persistence in inflation, particularly sustained by constraints on foreign exchange which led to
shortages of most consumer items. Following the 1966 military takeover, the first inflationary phase
was immediately succeeded by the IMF-supported stabilization attempt in 1967 which nevertheless
failed to stem the steady rise of inflation.
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Figure 2: Inflation and rates of real GDP growth (1960-2015) Source: WDI 2016

Rising inflation (1967-1971): In a bid to cool down the economy, the new military government, the
National Liberation Council (NLC) promptly entered into a standby agreement with the IMF, which
among other things was aimed at driving external trade liberalization, and the tightening of
monetary and fiscal policies by reducing public spending and excessive bank financing. This yielded
some fruit as Ghana registered her first ever and only deflation rate of -8% in 1967 (figure 2). In July
of that same year, the currency was devalued by 30%. Meanwhile extensive state participation in the
economy was reduced and minimal investments made, leading to a massive nationwide economic
retrenchment. Evidently, the measures which managed to contain inflation also took a heavy toll on
the growth of the economy as monetary policy was further tightened through credit restrictions and
interest rate increases. The ensuing civilian government that took over deepened its predecessor’s
pro-liberalization policies, while it relaxed its fiscal policy stance. External borrowing and foreign
reserves sustained the government’s recurrent and investment outlays which had increased
substantially over the period.
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Inflation was kept in check as a result of the contractionary orientation it adopted towards its
monetary policy, despite having a rather relaxed approach to its fiscal policy. Economic activity
experienced a marked boost in growth between 1969 and 1970, the highest in Ghana’s history at the
time. As this era drew to a close in 1970, inflation had risen to 10% from a low of 3%. During this
period, the commodity market collapse forced the government to draw up an austere budget aimed
at cutting expenditure and exploring potential revenue sources in order to cushion the economy
from the effect of the cocoa price down turn. This was coupled with a further 44% devaluation of the
local currency in 1971, and an additional 10-20% tax levy on selected forex transactions. These
actions turned out to be highly unpopular and ultimately led to the government’s demise and
overthrow in 1972, ushering Ghana into an unforgettable episode of hyperinflation.
Hyperinflation period (1972-1982): Arguably, the 1972-1978 period oversaw the most reckless
expansionary economic policy stance ever in Ghana’s history (Ocran, 2007). Under the new military
regime, a major reversal of the ousted government’s economic policy was effected. This began with
the revaluation of the local currency by 42%, and the re-instating of external trade controls. A
succession of military takeovers led to incumbent regimes repetitively pursuing expansionary fiscal
programmes attended by increased budget deficits which primarily were financed by central bank
loans to government and state institutions. Economic stagnation, widespread shortage of goods and
distorted relative prices with strong upward price rigidity were some of the inevitable effects of the
reckless central bank financing.
Following the 1973 oil price shock and the accompanying erosion of its balance of payment position,
the then government resorted to excessive borrowing from the central bank to close its budget gap.
The ensuing printing of money led to an inflation spiral, and an all-time inflation high of 117% was
registered in 1977 and 1981. The inflation crises worsened when extensive price control mechanisms
were employed with the hope of curtailing the inflationary spiral. Indeed, despite widespread price
controls during this decade, corruption, foreign currency trading in parallel markets, and smuggling
of goods became the order of the day so much so that average inflation hovered at a staggering 51%
per annum between 1972 and 1982. Another military takeover occurred in 1978, and that regime
quickly moved to devalue the currency by 58% in search of a short term (1 year) standby agreement
with the IMF. After yet another military takeover in June 1979, a civilian elected government came
to power barely three months later, in September 1979.
This government also embarked on expansionary economic policies, especially in the public sector,
where the country experienced a doubling of the producer price for cocoa, and an overnight tripling
of public workers’ wages. Sowa (1993) and Ocran (2007) attribute the inflationary experience during
this phase to excessive demand pressure sustained by an expansionary fiscal stance and loose
monetary policies.
Foreign exchange scarcity as a result of over-dependence on volatile cocoa earnings constrained the
ability to supply essential imports for consumption and production due to the behaviour of the
world commodities market during that period. This was coupled with structural economic
constraints, low output and a weak production base - all major actors on the influence of the
inflationary trend of this era.
Inflation management was primarily undertaken using price controls and fixed exchange rates during
this decade. However these mechanisms did little to remove the causes of inflationary pressure at
6

the time leading to several distorted prices underscoring widespread structural constraints
particularly in domestic production and external trade. By the end of 1982 therefore, declining per
capita incomes, increasing external deficits and poor infrastructure led to pronounced calls for a
revised direction of economic management.
Stabilization phase (1983-2003): The revised direction of economic management came in the form of
the Economic Recovery Program (ERP) which was launched in 1983 by the Provisional National
Defence Council (PNDC) government in April 1983. This stabilization phase was attended by a dual
combination of unfavourable man-made and natural conditions.
The price distortions of the late 1970s, and a rather dysfunctional economic system forced the
government to turn to the IMF and World Bank for assistance particularly when inflation reached a
record-high of 123%. This high inflation can be attributed to a 991% devaluation of the local currency
that year (Ocran, 2007). The primary goal of the ERP was to stem the slide in the economy, minimize
imbalances, control inflation and establish a path of sustainable growth (Sowa, 1993).
It employed mechanisms which included price de-regulation, financial management reforms,
exchange rate corrections, trade liberalization, and the rehabilitation of economic and social
infrastructure. Although one year after the introduction of the ERP, inflation plummeted from 123%
to 40%, Sowa (1993) contends that the remarkable drop cannot fully be attributed to the
programme since it the ERP did not really take off until 1984, and moreover since the agricultural
sector had also started to recover from the infamous 1983 drought.
During the reform years of 1983-2000, annual inflation averaged 34%, although in some years (such
as in 1985 and 1992), inflation hovered around 10%. Inflation dropped to an annual average of 27%
between 1987 and 1993, as against during the early reform years of 1983-1986, when annual
inflation per annum averaged 50%. Nevertheless, Sowa (1993) asserts that while the ERP failed in
reigning in inflation during the period, it enabled the agricultural sector to recover quickly by
attracting external inflows which eased supply constraints.
All in all, during this phase inflation management was highly unsuccessful (Ocran, 2007) as the
overall period average was 34% per annum. Indeed the target for inflation by the year 2000 was 5%,
while the economy actually registered a 25% inflation rate. Even in 1985, 1992 and 1999, when
inflation came close to being single digit, it could not be sustained over the next calendar year. Such
has been the pattern of consistently missed inflation targets to date (Frempong and Oteng-Abeyie,
2010).
Current inflation experience (2004-date): Presently, Ghana finds herself in the post second
stabilization inflation phase, where annual inflation over the period 2004-2015 has averaged over
13%, hitting a high of 17% in 2015. By and large, inflation in this phase is best characterized as
persistent, experiencing a somewhat cyclical pattern, with sharp hikes in inflation rates particularly
in years immediately succeeding an election year.
In table 1 below, we assess inflation persistence in Ghana following the framework developed by
Dornbusch and Fisher (1993) who define moderate inflation as at least 3 consecutive years of annual
inflation rates between 15% and 30%. We seek to address how inflation has persisted in Ghana over
the years, and the nature of the progression before the after the observed persistent inflation
7

episodes? Clear patterns can be identified from the table below. The analysis identifies 5 episodes of
persistent moderate inflation since 1960. The moderate inflation episode experienced prior to the
period of vigorous macroeconomic reforms was incidentally the longest moderate inflation spell
ever experienced. The episode lasted over a decade (1973-1984) with average annual inflation rates
of 60%. It had succeeded a period of low inflation (7.6% per annum) but for the next 3 years,
inflation averaged 25% and the economy drifted into another spell during which inflation averaged
29% between 1986 and 1991.
Table 1: Persistent moderate inflation spells since 1960
Average Period Inflation (%)
Period of moderate inflation
During the period
3 years before period
3 years after period
1973-1984
59.8
7.6
24.9
1986-1991
29.4
57.6
20.0
1993-1998
33.1
21.8
23.5
2000-2003
24.9
18.3
12.9
2014-2016*
15.9 (estimate)
9.8
n/a
Source: Authors’ computation based on WDI 2016, n/a: not available, *As at the writing of this paper, the 2016 annual inflation rate is yet
to be officially released. Nonetheless, the estimate in the 2nd column assumes a 15% inflation rate for 2016. 2016 inflation rate simulations
of 16%, 17%, 18%, 19%, 20%, 21% and 22% produce estimates of 16.2%, 16.5%, 16.9%, 17.2%, 17.5%, 17.9% and 18.2% respectively

The dawn of democracy in 1992 did little to halt the persistence in inflation that had been
generated, with average annual inflation hovering at 33% per annum between 1986 and 1991. The
six year period from 1993-1998 was both preceded and succeeded by average annual inflation rates
of over 20% for three consecutive years. Moderate inflation spells seemed to have been stemmed
between 2004 and 2013. However, from 2011, average annual inflation has consistently risen from
9% to 15.5% in 2014, and 17.1% in 2015 which indicates a possibility that the economy will be
ushered into another spell of inflation persistence if inflation in 2016 is no better than 15% (see table
1). Unlike other countries that did not stay in moderate inflation spells for long (Dornbusch and
Fisher, 1993) Ghana appears to have been saddled with moderate inflation for a long time (Ocran,
2007).
In May 2007, in its bid to curb inflation, the central Bank of Ghana (BOG) formally adopted the
inflation targeting framework using interest rates as its monetary instrument (Bank of Ghana, 2007).
Even so, the inflation target each year has consistently been missed (Frempong and Oteng-Abeyie,
2010), and average annual inflation has reduced only marginally from 12.9% between 2004-2006, to
12.8% between 2007-2014, with single digit inflation rates recorded only in 2011 and 2012. In trying
to achieve economic stability, monetary and fiscal policies have been directed at keeping inflation
low (price stability) while sustaining high rates of economic growth. This emphasizes the need for
the BOG to target the correct inflation band so as not to lose its credibility or harm Ghana’s
economic growth.
3. LITERATURE REVIEW
The theoretical underpinnings of the inflation-growth nexus find their roots in classical economics’
growth models based on supply-side theories which strongly underscore the need for incentives to
save and invest if an economy is to grow. While the Keynesian theory provides the aggregate
demand - aggregate supply (AD-AS) framework which is a more comprehensive model for linking
inflation to growth (Brian and Howard, 2005), the Monetarists emphasize the role of monetary
growth in determining inflation. Proponents of the Neoclassical and Endogenous Growth theories
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also seek to account for the growth effects of inflation through investment and capital accumulation
channels. A discussion on each of the above growth models in relation to the inflation–growth nexus
is provided.
Classical economists, building upon Adam Smith linked supply-side theories to land, labour, and
capital as factors of production, arguing that growth exhibits increasing returns to scale and is thus
self-reinforcing. Smith viewed savings as a creator of investment and hence growth, with income
distribution regarded as the primary factor of an economy’s growth rate. Competition of capitalists
for workers and not the marginal productivity of labour was posited as the main factor in profit
decline due to wage bid ups of workers (Kaldor, 1956; Samuelson, 1959). Even though the link
between change in price levels (inflation) and its effects on output and profit levels were not
explicitly articulated in classical growth theories, a negative relationship between the two variables
is implicitly suggested, being indicated by the reduction in firms’ profit levels through higher wage
costs (Fabayo and Ajilore, 2006).
In support of the above, Stockman (1981) developed a neo-classical model whereby an individual’s
welfare declines due to increases in inflation with the resultant effect as a lower steady state output
level. Money in this model is a compliment to capital and is prompted by the fact that as firms put
up cash in financing their investment projects, the cash is sometimes directly part of the financing
package, whereas other times, banks will require compensating balances. Stockman models this
cash investment as a cash-in-advance restriction on both consumption and capital purchases and
since inflation erodes the purchasing power of money balances over time, people reduce their
purchases of both cash goods and capital when the inflation rate rises. Correspondingly, a negative
relationship is observed between inflation and the steady-state output level.
The Neo-Keynesian’s major development was the introduction of the concept of potential output
which is an economy’s optimum level of output given its natural and institutional constraints. This
level of output, more commonly referred to as the non-accelerating inflation rate of unemployment
(NAIRU) is the economy’s natural rate of unemployment - the unemployment rate at which the
inflation rate is neither rising nor falling. In this particular framework, the built-in inflation rate is
endogenously determined, that is by the normal workings of the economy where inflation depends
on the natural employment rate and actual output level (Gordon, 1997; Roberts, 1995). Endogenous
growth theories trace the inflation-growth transmission through capital accumulation and
investment channels, particularly the rate of return on capital (Gillman, Harris and Matyas, 2002) as
hikes in inflation decrease the rate of return and capital accumulation, thereby negatively affecting
growth. Alternate models in a monetary exchange framework by Lucas (1980) trace the inflationgrowth transmission through returns on both human capital and capital income. Growth will be
hampered since a tax on human capital would cause labour to leisure substitution thereby lowering
the rate of return on human capital while inflation (tax) on capital income directly hinders growth
(McCallum and Goodfriend, 1987; Lucas and Stokey, 1987).
Indeed, despite the heightened interest in the inflation-growth nexus over the last five to six
decades, prior to the mid twentieth century, mainstream economic theory had been largely silent on
the effect of inflation on economic growth mainly due to the general belief at the time that the
effect of inflation on growth was not particularly important (Sarel, 1995). With the birth of the
Phillips curve however, academics begun to research on the existence of an inflation-unemployment
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trade-off, and hence an inflation-growth trade-off. This trade-off is grounded on a Keynesianneoclassical aggregate demand and supply model in which output temporarily varies with changes in
aggregate demand, in the same direction as price levels which suggests a positive inflation growth
relationship, and therefore implies that if the growth is not jobless, then a negative Phillips curve
relationship exists between inflation and unemployment. This hypothesis by Phillips (1958) proposed
that high inflation produced lower unemployment, and hence higher economic growth rates.
Conclusively, the hypothesis by Phillips was that if an economy wanted to grow and reduce
unemployment, it had to be receptive to high inflation rates.
In support, Mundell (1963) articulated a framework distinct from excess demand for commodities in
which wealth reduces because of inflationary expectations (inertia) or inflation hikes. Indeed
Mundell (1963) and Tobin (1965) argue that the wealth in an economy is either in money or shares,
and that as people attempt to accumulate their desired level of wealth in the presence of inflation, a
shift of savings from money to shares occurs, driving down real interest rates. Greater savings means
greater capital accumulation thus stimulating growth, with the reverse effect on growth if inflation
falls. Tobin (1965) developed Mundell’s (1963) theory further by incorporating money as a store of
value that serves as a financial capital asset which causes productive economic agents to acquire
more capital rather than hold on to idle cash balances. Thus the increasing intensity on capital stock
will promote economic growth, essentially intimating that inflation hikes enhance economic growth.
By employing an alternate transmission mechanism, Milton Friedman arrived at a conclusion of no
effect of inflation on growth, essentially challenging the concept of the Phillips curve. Friedman, who
coined the term "Monetarism", emphasized key long-run properties of the economy such as the
quantity theory of money, and money neutrality which focused on the long-run supply-side
properties of the economy as opposed to short-run dynamics. The quantity theory of money linked
inflation and growth by equating the total amount of spending in the economy to the total amount
of money in existence. Friedman proposed that inflation was the product of an increase in the supply
or velocity of money at a rate greater than the rate of growth in the economy. He argued that in an
economy where the cost of everything doubles, individuals having to pay twice as much for goods
and services will not bother as long as their wages also double. Moreover, individuals will anticipate
future levels of inflation and incorporate its effects into their behavior, leaving output and
employment unaffected.
This concept, referred to as neutrality of money holds if the equilibrium values of real variables such
as output level are independent of the level of the money supply in the long run (Tobin, 1965). Super
neutrality on the other hand holds when real variables are independent of the long run money
supply growth rate. Sidrauski (1967) with his seminal work on the context of an infinitely-lived
representative agent model proposed another development in the neo-classical models, with money
being super-neutral. The main consequence here is that an increase in the inflation rate does not
affect the steady state capital stock, leaving economic growth untouched. In summary, Monetarism
suggests that in the long-run, prices are mainly affected by the growth rate in the money, and if the
growth in money supply exceeds the economic growth rate, the result will be inflation, albeit with
no real effect on growth.
Neo-classicalists such as Swan (1956) and Solow (1965), in their attempt to explain growth
developed models which exhibited diminishing returns to labour and capital separately but constant
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returns to both factors jointly. They introduced changes in technology (the primary factor in
explaining long-term growth) as a replacement for investment, and its level was assumed to be
determined exogenously, independently of all other factors, including inflation (Todaro, 2000).
If inflation had no effect on growth, then it would be harmless. In reality however, inflation does
have real consequences for an economy’s rate of growth by impacting capital accumulation,
investment and exports (Yabu and Kessy, 2015; Fabayo and Ajilore, 2006).
The uncertainty associated with high, volatile and unanticipated inflation has been found to be one
of the main determinants of the rate of return on capital and investment (Bruno, 1993; Pindiky and
Solimano 1993). Indeed, inflationary expectations in an economy may reduce the rate of return of
capital, accumulation of human capital, investment in research and development, and inevitably
undermine investor confidence regarding the direction of monetary policy. This channel is the
‘accumulation or investment channel’ (Yabu and Kessy, 2015) (see figure 3). In the literature, an
alternate channel exists although Briault (1995) documents that it is harder to formalize in a
theoretical model.

Figure 3: Transmission Mechanism from Inflation to Growth. Source: Li Min (2006), Yabu and Kessy (2015)

Through an ‘efficiency channel’, high inflation reduces total factor productivity by inducing frequent
changes in price that may be costly to firms. This impacts consumers’ optimal levels of cash holding
and generates larger forecasting errors by distorting the information content of prices, encouraging
economic agents to spend more time and resources in gathering information and protecting
themselves against the damage that may be caused by price instability thereby jeopardizing efficient
resource allocation (see figure 3).
Keynesian models thus provided a more comprehensive model which aptly linked inflation to growth
under the aggregate demand - aggregate supply (AD-AS) framework, where the AS curve is upward
sloping in the short run so that changes in the demand side of the economy affect both price and
output (Dornbusch et al., 1996). A strictly vertical AS curve will not suffice as changes on the demand
side of the economy will affect only prices and not output.
The AD-AS framework thus yields an adjustment path which shows an initial positive relationship
between inflation and economic growth but eventually turns negative towards the latter part of the
adjustment path (Dornbusch et al., 1996) (see figure 4) due to the time inconsistency problem (TIP).
Under the TIP, producers feel that only the prices of their products have increased while the other
producers are operating at the same price level. The relationship between inflation and growth is
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thus positive as the time inconsistency problem lures the producers into more output. Moreover,
Blanchard and Kiyotaki (1987) argue that along this section of the adjustment path, inflation and
economic growth are positively related because of the agreement of firms to supply goods on a later
date at pre-agreed prices, with the implication being that output will not decline even at increased
economy-wide prices since the firm is obliged to produce.

Figure 4: Unitary and double Inflation threshold levels. Source: Fabayo and Ajilore (2006)

Giving credence to the Keynesian model, Huybens and Smith (1998) intimate the existence of a
threshold level of inflation above which inflation has a negative effect on long-run growth (figure 4).
π1 is the inflation threshold if only one threshold exists, while π0 and π1 are the two thresholds in a
scenario where two thresholds exist. This phenomenon occurs as financial market efficiency
becomes affected by varied informational asymmetries because in the presence of high inflation,
market frictions are heightened, which then interfere in the effectiveness of the financial system in
allocating resources, leading to a reduction in real returns to savings, increased credit rationing, and
limited investment levels, thereby stifling growth.
Empirical findings on the inflation-growth relationship over the decades have been mixed. Among
the first authors to analyse the relationship was Bhatia (1960) who applied linear models to five
country-specific studies with data from 1812 to 1912. His findings indicate that while inflation
negatively impacted growth in Japan and Germany, it served to promote growth in Canada, Sweden
and the United Kingdom, backing Tobin’s (1965) assertion that inflation was good for growth. Phiri
(2013), in his study on Zambia, agreed with the above assertion. He uses a threshold autoregressive
model and stipulated that even in the presence of moderately high inflation rates, economic growth
will thrive nonetheless.
Subsequent findings however were not as optimistic regarding any potential benefits of inflation to
economic growth. Dorrance (1963, 1966) in two studies on developed economies found no
conclusive empirical evidence for either a positive or a negative association between the two
variables. Indeed Johanson (1967) also conducted a study on developing economies and came to the
same conclusion as Dorrance. In the 1960s, chiefly due to Sidrauski (1967), the widely accepted view
was that the effect of inflation on growth was zero or at best, negligible. To this day, some authors
such as Freeman and Yerger (1998, 2000) maintain that any observed statistical relationship
between inflation and growth is spurious. Their studies on USA and OECD countries with annual data
from 1955-1993 and 1964-1994 respectively concluded that inflation has a statistically insignificant
effect on multifactor productivity growth. They found that a consistent relationship between growth
and inflation failed to exist in major industrial countries. In support Yilmaz (2009), using an Error
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Correction Model (ECM) on seasonally adjusted quarterly data from 1988 to 2007 finds no inflationgrowth relationship in Turkey. His finding thus supports Sidrauski’s (1967) hypothesis of the superneutrality of money. Tsionas (2003a, 2003b) also arrived at the same conclusion after analysing
annual data between 1960 and 1997 for 15 European economies. Kheir-El-Din and Abou-Ali (2008)
analysed data on Egypt and found two distinct sub-periods in their data - high and more volatile
growth rates were associated with the high inflation periods prior to 1991. From that year onwards
however, they found that lower and less volatile growth is associated with significantly lower
inflation. They found no significant difference between the two time periods, and concluded on a
non-existent inflation-growth relationship. More recently, Narayan and Smyth (2009) and Kumar et
al. (2012) analysed annual data for G7 countries, and Australia respectively, and apart from the UK
where a negative effect was established, they found no evidence to stipulate any effect of inflation
on growth.
However, changes in the view of a neutral inflation-growth relationship came in the 1970s and 1980s
after many countries experienced severe macroeconomic crises in the face of high and persistent
inflation. During this period, the contours of a negative inflation-growth relationship began to form
after several studies devoted much attention to the nexus. Kormendi and Meguire (1985) examined
a panel of 47 countries for the period 1950-1977 and found that a 1% increase in inflation accounted
for 0.57 % drop in growth. Employing data from 1960-1990, Barro (1995) used instrumental variable
estimation methods and also found a negative association between inflation and growth in large
cross section and panel studies while Smyth (1995, 1996) arrived at the same conclusion in country
specific studies on USA and Germany. Bitros and Panas (2006) and Adrian Risso and Sanchez Carrera
(2009), in their studies on Greece and Mexico respectively observed that inflation sizable reduced
total factor productivity in the long run. Many other authors including Adusei (2012), Joudaki et al.
(2014) and Tang (2014) provided evidence backing Stockman’s (1981) assertion of a statistically and
significant negative inflation-growth relationship.
However, others questioned whether a uniformly negative inflation-growth relationship could exist
irrespective of how high inflation was. These included Levine and Renelt (1992), Fischer (1993),
Bullard and Keating (1995), Bruno and Easterly (1995), and Clark (1997), who intimated that the
negative inflation-growth relationship emerges only after inflation exceeds some threshold, thus
making it non-linear.
The consensus of threshold inflation non-linearity has gained widespread empirical support in recent
decades. However, in terms of the optimal threshold level, empirical evidence differs substantially
across studies.
Fischer (1993), being arguably one of the very first to examine the possible existence of an inflationgrowth non-linearity utilized a panel of 93 countries that comprised both developing and
industrialized economies. He finds a negative inflation-growth relationship and observes that the
strength of the negative relationship tends to weaken when inflation exceeds 40%.
Bruno and Easterly (1998) employed a non-parametric approach to examine 26 high inflation
countries between 1961 and 1992 and find a threshold level for an inflation crisis to be 40%. They
suggest that when high inflation countries are omitted from the sample, then an inconclusive
inflation-growth relationship exists below the threshold level.
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Ghosh and Phillips (1998) use panel regressions, allowing for a non-linear specification on a dataset
which include 145 countries over the period 1969-1996 and find a 2.5% threshold inflation rate. For
IMF member countries at low inflation rates, they identify that a positive inflation-growth
relationship exists, and that for member countries at higher inflation rates, a negative inflationgrowth relationship exists. Furthermore, their findings identify a non-linear inflation-growth
relationship.
Khan and Senhadji (2001), arguably the most seminal in this line of studies, employed newly
introduced econometric techniques developed by Kung-Sig and Tsay (1998), and Hansen (1999) to
analyse an unbalanced panel dataset of 140 countries over the period 1960-1998. The uniqueness of
their study is that unlike previous studies at the time which computed threshold rates for the entire
panel, this study went further to find separate threshold inflation rates for industrialized countries
on the one hand, and developing countries on the other hand. The study concluded that the
threshold level is lower for industrialized economies than in developing ones. They find a 1-3%
threshold level for industrialized countries, an 11-12% threshold level for developing countries, and
an 11% threshold for the entire sample.
Indeed, many more cross-country studies on threshold inflation abound in the literature. Yet
according to Sepheri and Moshiri (2004), Hult et al. (2008), Kremer et al. (2009) and Van de Vijver et
al. (2015), cross-country studies are widely known to be flawed with their inability to factor various
country-specific idiosyncrasies into their analysis due to the generality of their findings, as most of
such studies merely focus on groupings of industrial and developing countries. Temple (2000)
similarly warns against the risk of pooling together countries with very different inflation dynamics,
as few extremely high values may well derive the overall results. Furthermore, Reyes (2004), and
Tung and Thanh (2015) point out that since each economy has differentiated dynamics, varied
macroeconomic variables would impact each country differently depending on the stage of
development of its current business cycle regime. As such when it comes to steering sound countryspecific policy decisions in the right direction, cross-country studies are usually handicapped.
Furthermore, in all the cross-country studies above, the implicit assumption was that there existed
only one unique structural break in the inflation-growth non-linearity nexus. As earlier suggested by
Temple (2000) and Reyes (2004), Sepehri and Moshiri (2004) subsequently argued that in analysing a
panel of different types of economies at varied stages of their growth, it is inappropriate to impose a
single ‘inverted U-shape’ relationship across the entire sample. In the light of that, an increasing
number of time series studies evolved which began to focus on case studies of particular countries,
in testing for the existence of an inflation-growth threshold effect. The next section thus takes a look
at country-specific time series studies.
Following the threshold autoregression model of Khan and Sendhadji (2001), Mubarik (2005)
estimates the threshold inflation rate for Pakistan using annual data from 1973 to 2000 and finds a
9% threshold rate of inflation. Surprisingly however, Hussein (2005), using data from 1973 to 2005,
finds no threshold effect. Nonetheless, Hussein suggests that an economy risks harming its growth if
it targets inflation that exceeds the range of 4-6%.
Lee and Wong (2005) employ the threshold autoregressive (TAR) estimation method introduced by
Tong (1978) and Hansen (1996) on quarterly data from 1970-2001 from Japan and find more than
one threshold level: 2.52% and 9.66%. They thus conclude that while a low (lower than 2.52%) or
14

moderate (between 2.52% and 9.66%) inflation rate has a significantly positive effect on growth, a
high inflation rate (above the upper bound of 9.66%) is detrimental to Japan’s economic growth.
Fabayo and Ajilore (2006) examine data for Nigeria from 1970-2003 and find evidence of a 6%
threshold inflation level. In conducting sensitivity analysis, they confirmed the robustness of their
findings, and concluded by suggesting that the goal of macroeconomic policy in Nigeria should be to
bring inflation down to the 6% single digit threshold level. Ahortor et al. (2012) employ data from
1970 to 2008. After eliminating real exchange rates and the openness index due to poor
performance within the model, they re-estimate a threshold rate of 13%.
Within the context of Ghana, a number of authors have established the existence of a threshold
level of inflation for the entire economy, above which the effect of inflation becomes both negative
and statistically significant.
Ahortor et al. (2012) employ annual data from 1970-2008, and just as in the Ahortor et al. (2012)
study for Nigeria, the openness index turned out insignificant and was then deleted from the
estimated model. A dynamic modelling approach was adopted, and after diagnostic tests were run, a
threshold rate of 10% was estimated.
Marbuah (2011) uses Khan and Senhadji’s (2001) threshold autoregression model on data from
1955–2009 and estimates 6% and 11% as the threshold rates in the absence of a structural break.
However, after adjusting for the existence of a structural break, the estimated model indicates a
10% threshold rate which then passes robust tests with regard to the size of the sample and the
estimation technique employed. He concludes by supporting the BOG’s inflation targeting regime
what stood at 7-11% at the time.
Frimpong and Oteng-Abeyie (2010) use Khan and Senhadji’s (2001) threshold regression model to
analyse data from 1960-2008 and first of all, find evidence of a threshold effect. They estimate an
11% threshold rate at which the inflation-growth relationship in Ghana becomes negative. They
conclude by suggesting that the current medium inflation target of 6-9% in Ghana is in the right
direction as it is well below the estimated threshold level.
Quartey (2010) investigates both the revenue maximizing and the growth maximizing rates of
inflation using the Laffer curve approach with annual data from 1970 to 2006. The analysis begins by
employing the Johansen cointegration approach to determine the effect of inflation on long term
economic growth. Inflation was found to negatively affect growth, and the subsequent threshold
estimations indicated a growth maximizing inflation rate of 22.2%. Although his finding fails to agree
with the earlier study of Frimpong and Oteng-Abeyie (2010), Quartey goes on to conclude that the
growth maximizing rate of inflation for Ghana is not a single digit, and as such, much more careful
consideration should be given to monetary policy that seeks to achieve single digit inflation in
Ghana.
4. METHODOLOGY
Data is sourced from the Ghana Statistical Service (GSS), the National Oceanic and Atmospheric
Administration’s National Climatic Data Centre (NOAA-NCDC), and the World Bank’s 2016 World
Development Indicators (WDI). First differences of logged values of variables are generated to
reduce asymmetry, induce stationarity, and obtain growth rates as this allows for better implications
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during analysis and discussion of results (Mubarik, 2005; Khan and Senhadji, 2001; Ghosh and
Phillips, 1998). Furthermore, we employ annual data from 1990-2015, and quarterly data from
2006Q1-2014Q4 in order to test the hypothesis by Bruno and Easterly (1998) who posit that the
negative relationship between inflation and growth exists only in high frequency data and with
extreme inflation observations.
We follow Odhiambo et al. (2004) and define an agricultural output model of the form:

TFPG  f ( X 1 , X 2 , X 3 , X 4 )
where
=Agricultural total factor productivity growth,
government, =human capital, =climate.

=trade policy,

(1)
=activities of the

We then consider the regression equation (2) below which is the standard linear model of equation
(1):

TFPG t   0  1 X 1   2 X 2  3 X 3   4 X 4  t

(2)
However, as discussed above, a myriad of recent studies predict the presence of threshold effects
associated with rates of inflation above or below certain critical values, implying a non-linear
relationship between economic growth and inflation (Boyd et al., 2001; Munir and Mansur, 2009).
Thus, discussed below are peculiar econometric issues pertaining to the estimation and inference of
economic models with threshold effects.
The Threshold Autoregressive (TAR) model, introduced by Tong (1978), and further developed by
Hansen (1996; 2000), presents tests for threshold effects, threshold parameter estimation, and the
identification of threshold parameter asymptotic confidence intervals. The concept behind these
tests by Hansen (2000) is that an exogenously given variable2 which may or may not be a regressor,
is used to split the sample into two regimes. More distinctly, we consider a two-regime structural
equation in a TAR model:

yt   '1 xt  e1t if FI t  k

(3)
(4)

yt   '1 xt  e1t if FI t  k

Where , and denote the regime-splitting threshold variable, the dependent, and explanatory
variables (m vector) respectively.
is the error term white-noise
properties, and is the
threshold value or parameter. Prior knowledge of permits an OLS estimation, however since the
threshold value is not known a priori, it has to be estimated in addition to other parameters. We
further note that when the threshold variable is greater than the threshold parameter, the model
estimates equation (3). Conversely, the model estimates equation (4) when the reverse is the case.
Defining a binary variable

where

 is the indicator function, with

, and setting

, then equations (2) and (3) can be

rewritten as a single equation:

yt   '1 xt   ' xt (k )  et
2

This variable is known as the threshold variable
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(5)

Where
, and , and are the regression parameters to be estimated. The post
estimation sum of squared residuals (SSR) can be written as:

S1 (k )  eˆt (k )' eˆt (k )

(6)
The least squares technique is recommended by Hansen (1996; 2000) in estimating the threshold
parameter , and Munir and Mansur (2009) note that the minimization of SSR as a function of the
expected threshold value is the easiest approach to implementing Hansen’s recommendation. We
can thus write the optimal threshold value as:

kˆ  arg min S1 (k )

(7)
̂
Conditional on , the regression equation is linear in and , giving rise to the conditional OLS
estimates of ̂
and ̂
by regression of dependent variable on explanatory variables. Following
Khan and Senhadji (2001) and the foregoing procedure, the linear equation (2) can be expressed as a
nonlinear equation under a two-regime TAR model as follows:

FOOD OUTPUT GROWTH t   0   1 FI   2 Dt ( FI  k )   2i X it   t

(8)

where the dummy variable, , is defined as

X it is a vector of control variables which include:
FI , RAIN , TOP , ROAD , and LABPROD where
of food sector output,
=trade ratio3,

=log difference of food sector CPI,
=length of motorable road,

=log

difference

=rainfall measured in millimetres,
=log of labour productivity4.

Apart from FI5, we expect all the other variables to be positively signed.
Also, given that Ghana is an open economy with a flexible exchange rate, it is appropriate to control
for supply shocks such as import prices or the exchange rate. In our analysis, we implicitly account
for these factors by allowing for variations in the variance of the error term of the estimated
equation (Kabundi et al., 2015).
From equation (8), the optimal threshold value can be determined by obtaining the threshold value
that minimizes the RSS. The threshold variable employed in the analysis is inflation since the primary
goal of this paper is to investigate the inflationary threshold effects in the relationship between
sectorial inflation and output.
Whether or not a threshold effect exists is the main focus of equation (8). This requires the
examination between both the linear and two-regime model. Thus, the null hypothesis of no

3

Trade ratio is used to capture trade openness and is computed as ((export+import)/GDP), see Odhiambo et
al., 2004
4
This is the size of agric labour force divided by agric contribution to GDP, which in essence is the inverse of
GDP per capita in the agric sector
5
In a scenario of one threshold, FI is expected to be positive and insignificant at low levels of inflation, and
then later become negative and significant as inflation rises. In a scenario of two thresholds however, FI is
expected to initially be negative and insignificant at the lowest levels of inflation, and then become positive
and significant as inflation rises, but finally revert to being negative at the highest levels of inflation
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threshold effect

is tested against an alternative hypothesis

where a threshold effect is present
Conventional hypothesis testing procedures cannot be employed here since under the null
hypothesis of an absence of a threshold effect, the threshold parameter will be unidentified. To
overcome this, Hansen (1996) suggests a standard heteroscedasticity-consistent Lagrange Multiplier
(LM) bootstrap method to calculate the asymptotic critical and p-values. A test with near-optimal
power against alternatives distant from
is thus the standard F-statistic:

Ft 
Where

and

S0  S1 (kˆ)
ˆ 2

(9)

respectively are SSR under the null and alternative of

. The residual variance ̂ is defined as

̂

̂

. Hansen (1996) shows that a bootstrap

procedure achieves the first-order asymptotic distribution, so the bootstrap p-values are
asymptotically valid.
Having estimated the threshold effect, the next step is to determine whether the estimate is
statistically significant (
). In this case the estimate ̂ is consistent for
the true value of , say . Since the asymptotic distribution of the threshold estimate ̂ is highly
non-standard, Hansen (2000) uses the likelihood ratio statistic for the tests on to form confidence
intervals for . The null hypothesis of the threshold value is
and the likelihood ratio
statistic is given by:

LRt ( K ) 

S1 (k )  S1 (kˆ)
ˆ 2

(10)

̂ are the sums of the squared residuals from equation (6) given the true and
Where
and
estimated value, respectively. The null hypothesis is rejected for large values of
. Hansen
(2000) showed that there is an asymptotic distribution of
to form valid asymptotic
confidence intervals for . Hansen (2000) demonstrates that the distribution function has the
inverse
from which it is easy to calculate critical values. Where is a
√
given asymptotic level then the no-rejection region of the confidence level is
. In other words,
if
then the null hypothesis of
cannot be rejected.
Munir and Mansur (2009) posit that in order to examine more than one threshold value, foregoing
procedures be applied until the null hypothesis can no longer be rejected. Thus, we follow Crespo
Cuaresma and Silgone (2014), who suggest the possible existence of two thresholds in such growth
regressions, and we specify an alternative model as such:

FOOD OUTPUT GROWTH t   0   1 FI   2 Dt ( FI  K )   2 i X it   t

(11)

where the dummy variable, , is defined as
where and
are the lower and upper bounds of the threshold band of inflation.
This study employs Mubarik’s (2005) graphical test as a preliminary procedure, to provide a more
precise picture of the historical nature of the relationship between inflation and agricultural sector
output. This procedure involves sorting inflation rates in order of magnitude, either ascending or
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descending. We are interested in obtaining the average growth rate at each linear level of inflation.
Thus we divide the entire data sample into a smaller number of observations which must correspond
to the number of linear levels of inflation in the data. Average growth rates for each linear level of
inflation are then calculated and a graph is plotted with the linear levels of inflation and average
growth rates as the X and Y axes respectively. In line with the Bank of Ghana’s inflation targeting
band as ±2% of the Bank’s optimal inflation rate of 8%, we also employ a maximum width of ±2% to
each linear level of inflation (see figure 4). This preliminary test also helps indicate a plausible
existence or otherwise of an inflation threshold within the data. Descriptive statistics and the
correlation table6 are presented below.
Table 2: Descriptive statistics

Mean
Median
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis
JarqueBera
Probability

Food
sector
output
(GH¢)
3.31E+09
2.83E+09
8.16E+09
7.58E+08
2.00E+09
0.84
2.91

Food
sector
inflation
(%)
8.8
7.6
18.9
3.5
4.3
0.8
2.7

11112.2
9786.5
33325.0
1.0
9328.4
0.6
2.2

0.806427
0.753763
1.011785
0.653543
0.131995
0.240928
1.420007

67077.5
67449.3
71639.0
60218.8
2845.6
-0.5
2.9

343.3
292.1
855.9
78.7
209.2
0.9
3.0

4.197

4.4

3.1

4.092844

1.4

4.5

0.123

0.1

0.2

0.129196

0.5

0.1

316
36

400039
36

29.03137
36

2414789
36

12360
36

Sum
1.19E+11
Obs
36
Source: Authors’ computation

Rainfall
(mm)

Trade
ratio

Length of motorable
road (km)

Labour productivity
(GH¢)

Table 3: Correlation table
Food sector
inflation (%)
Food sector inflation (%)

Rainfall
(mm)

Trade ratio

Length of
motorable
road (km)

Labour
productivity
(GH¢)

1.00

Rainfall (mm)

-0.05
1.00
(0.79)
Trade ratio
-0.10
0.54
1.00
(0.58)
(0.00)
Length of motorable road (km)
-0.14
0.48
0.85
(0.42)
(0.00)
(0.00)
Labour productivity
-0.61
0.42
0.62
(0.00)
(0.01)
(0.00)
Source: Authors’ computation using spearman’s rank. Values in () are the p-values.

1.00
0.79
(0.00)

1.00

5. RESULTS
In testing for unit roots, nonlinearity may impact inflation in the form of structural breaks, leading to
the erroneous acceptance of nonstationarity (Arize and Malindretos, 2012). We cater for this by
employing the Zivot Andrews (ZA) unit root test which accounts for possible structural breaks in the
data. From the results below, the null hypothesis of a unit root with a structural break is not

6

Spearman rank is preferred to the Pearson correlation coefficient since unlike the Pearson, the Spearman
rank does not require all variables to be normally distributed (see Mukaka, 2012).
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rejected, implying that the variables are I(1) or not stationary7 (see table 4). For our subsequent
estimations, we therefore employ first differencing to our variables.
Table 4: Zivot Andrews unit root test results
Variable
Food sector inflation

Break in constant
Break in trend
Break in both
-6.875476***
-6.171283***
-12.76429***
(2013q3)
(2009q3)
(2013q3)
Rainfall
-4.532900
-3.680207
-6.491701***
(2008q3)
(2010q3)
(2008q2)
Trade ratio
-4.471763
-2.736616
-6.392198***
(2011q1)
(2012q3)
(2011q1)
Length of motorable road
-3.511484
-3.338487
-3.438273
(2008q1)
(2008q2)
(2008q1)
Labour productivity
n/a
-2.960123
-3.844974
()
(2009q4)
(2010q4)
Note: ***, **, * indicate significance at 1%, 5%, and 10% respectively. Values in () are the suggested break dates. n/a implies that the ZA
test could not compute the t-statistics.

We then employ the Granger causality test to deal with the unique failure of previous Ghana-specific
papers in failing to test for the direction of causality between inflation and growth. The test result
below indicates a one-way causality from food inflation to food sector growth which support the
assertion by Fischer (1993) that causality is more likely to run from inflation to growth.
Table 5: Pairwise Granger Causality Test

Null Hypothesis:

Obs

Food sector inflation does not Granger Cause Food sector output
Food sector output does not Granger Cause Food sector inflation
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FStatistic
4.16696
2.58135

Prob.
0.0155
0.0750

Source: Authors’ computation (using lag 3)

Figure 5 shows Mubarik’s (2005) graphical test results. The findings suggest a unitary sectorial
threshold of (4±2)% for the food sector thereby verifying our assumption that the food sector’s
threshold lies outside the Central Bank’s aggregate inflation target of (8±2)%.

average rates of growth (%)

More interestingly, at the central bank’s preferred inflation target, food sector output actually tends
to be falling so close to a growth rate of 0%. Furthermore, at the opposite end of the spectrum, at
the very lowest levels of inflation, output growth becomes negative.
4
3
2
1
0
<=0
-1

1±2

2±2

3±2

4±2

linear Levels of Inflation (%)

Figure 5: Average food growth at linear level of inflation
7

This result obviously does not hold for food sector inflation, which is strongly I(0).
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5±2

>=9

While the above graphical test indicates a threshold which seems to support our initial a priori
hypothesis, we still go further to employ Hansen’s (1996, 1999) likelihood ratio test, and Khan and
Senhadji’s (2001) threshold test. As discussed above, in testing for the existence of a threshold effect
in our data, we employ the likelihood ratio (LR) test as given in equation (9), where
implies a null of no threshold effect. This test involves iteratively estimating equation (8) across all
inflation values and obtaining the minimum sum of squares residual (SSR) from equation (7). A
simple linear form of equation (8) is also estimated, and its SSR becomes the minuend of the
numerator in (8), while the minimum SSR from (7) becomes the subtrahend, with the denominator
of (9) being the bootstrapped variance of

8.

The LR test results are summarized below.

Table 6: Test results of threshold effects

Sample Size
36

LR-statistic
6.56

Critical Value
6.53

Prob.
0.0000

Source: Authors’ computation

The null hypothesis of no threshold effects is rejected at the 1% significance level, strongly
supporting the existence of threshold effects within Ghana’s food inflation.
While the first set of our subsequent output results indicate the analysis on quarterly data, the latter
set of output indicate the analysis on annual and biannual data, which is motivated by the fact that
output in the food sector in Ghana is predominantly divided into two separate seasons. The first (or
the major rainy) season runs from April till mid-July, while the second (or the minor rainy) season
runs from September till mid-November.
From table 7, a threshold of 4.84% is identified. However, since the data employed is quarterly in
frequency, it has to first be converted to an annual frequency. A compounding of the quarterly
estimate over four quarters thus gives us an annual threshold estimate of 15.24%. Besides the
obvious discovery that the food sector’s threshold lies outside the targeted aggregate band of the
entire economy, another crucial finding is that when it comes to the food sector, the central bank of
Ghana should be more interested in targeting a single point of inflation, as against a range or band,
like it currently does on the aggregate level. It is also worth pointing out that within the first regime,
the coefficient of food inflation is not significant (p-value of 0.9882). This however is not a problem
at all since according to Sarel (1995), we actually expect the probability value to be statistically
insignificant at low levels of inflation.
The rainfall variable is significant and positive. Given that there is little to no control over the
frequency and amount of rainfall, there is the need for the government of Ghana to boost
expansionary irrigation policies that will help buffer the agricultural sector. In essence, the
significance of rain shows the importance of precipitation in Ghana’s food growth. It also affirms that
Ghana’s agriculture is largely rain fed.
The trade ratio variable bears a significantly negative coefficient, which leads us to dig deeper into
the trade dynamics of the Ghanaian economy. Harrison (1994) posits that openness is associated
with both higher output growth as well as higher returns to human capital. However, the link (and
8

Hansen (1999) intimates that the LR-statistic in (9) does not depend on the parameter under the null of no
threshold effect, so any value of
may be used. In our case, we select the of food inflation since that is our
main variable of interest.
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effect of trade on growth) could be ambiguous (Frankel and Romer, 1999; Rodriguez and Rodrik,
2000). Trade can increase output through enhanced foreign exchange and productivity gains from
exports, and enhanced productivity and technological efficiency from imports of intermediate
goods/machinery, health products and technology. This positive effect also depends on the effect on
domestic production dynamics. Increased trade that enhances domestic production competition can
adversely affect non-tradeable goods (i.e. goods that are not tradeable on the international market).
Food crop productivity typically falls under such goods. Therefore with increased competition,
agricultural production can shift into more tradeable goods and neglect or reduce production of
non-tradeable (food) goods.
Table 7: Single threshold estimate on quarterly data
Variable
FI(1) < 0.048420999 -- 27 obs
FI
0.048420999 <= FI(1) -- 8 obs
FI
Non-Threshold Variables, R2=0.65
C
Rainfall (in mm)
Trade ratio
Length of motorable road
Labour productivity
Residual Diagnostics
Histogram - Normality Test
Breusch-Godfrey Serial Correlation LM Test
Heteroskedasticity Test: ARCH
Ramsey RESET Test

Coefficient

Prob.

0.005164

0.9882

-6.223453**

0.0238

4.018823
0.073393**
-1.356890*
-0.000125***
0.878217***

0.0645
0.0209
0.0617
0.0073
0.0000
0.4486
0.8826
0.8553
0.6857

Source: Authors’ computation, ***, **, * indicate significance at 1%, 5%, and 10% respectively

Length of motorable road is significant and bears a negative sign (-0.000125), which at first glance
seems implausible considering that one will expect that a better road transportation network to
increase agricultural produce by enhancing movement of agricultural goods from the farming
centres to the distribution hubs for onward transport to the major cities. However, it is also plausible
that enhancing the road infrastructure opens up the rural agrarian economy and marginally shifts
economic activity from food production to other non-food or non-agricultural activities especially
through rural-urban migration. While the government of Ghana must still focus on creating and
upgrading the current stock of roads in the country, critical steps should be laid out to increase food
production in such agrarian communities.
The productivity of labour stands as the most significant variable in the output, and it bears a
positive sign. This is clear evidence of the importance of productivity in output. It shows that labour
is productive and that the more skilled the labour, the higher food output will be.
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We then follow Crespo Cuaresma and Silgone (2014), and employ a modified model9 which allows
for two thresholds. We find thresholds of 3.7% and 4.8% (see table 8) for each quarter which
translate to annual inflation thresholds of 11.51% and 15.24%.
Table 8: Multiple threshold estimate on quarterly data

Variable
FI(1) < 0.036986999 -- 19 obs
FI
0.036986999 <= FI(1) < 0.048420999 -- 8 obs
FI
0.048420999 <= FI(1) -- 8 obs
FI
Non-Threshold Variables, R2=0.57
C
Rainfall
Trade ratio
Labour productivity
Residual Diagnostics
Histogram - Normality Test
Breusch-Godfrey Serial Correlation LM Test
Heteroskedasticity Test: ARCH
Ramsey RESET Test

Coefficient

Prob.

0.061151

0.8733

7.850847 *

0.0953

-8.143343 **

0.0133

-2.211249
0.064289*
-2.557816***
0.688297***

0.0057
0.0830
0.0014
0.0004
0.7933
0.1387
0.1395
0.5584

Source: Authors’ computation, ***, **, * indicate significance at 1%, 5%, and 10% respectively

Crucial to this finding first of all is that the threshold for the food sector lies outside of the targeted
aggregate inflation band irrespective of whether quarterly or annualized data is employed (see
figure 6 below). Furthermore, the upper threshold estimate of 15.24% corresponds perfectly with
the regression estimate when a single threshold is estimated (see table 7). Also, within the first
regime the coefficient of food inflation is not significant (p-value of 0.8733). As explained earlier, this
is not a problem at all since according to Sarel (1995), we actually expect the probability value to be
statistically insignificant at low levels of inflation. The signs and significance of the coefficients do not
differ from our earlier results in table 7.
Indeed, the above findings thus lead us to suggest that the threshold for the food sector of Ghana
ranges between 11.51%-15.24% and that the aggregate threshold of (8±2)% is not ideal for the
Ghanaian food sector.
Having said that, the wide threshold range determined above can be narrowed down by employing
Ahortor et al (2012) and Seleteng’s (2010) method of plotting the graph of the explanatory powers
of the myriad of threshold regressions against their corresponding threshold inflation rates, and
then going on to super-impose a trend line of the explanatory powers on the initial graph. The points
of intersection then determine the ‘narrowed down’ optimal inflation range. By employing this
method, we identify the optimal threshold range of 3.82%-4.4% (see figure 7), which translate to an
annual inflation thresholds of 11.9%-13.8%, thereby supporting our earlier results from table 7.

9

This modified model is equation 11
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Figure 6: Diagrammatic representation of Food Inflation , and the sectorial target band lying outside the aggregate
inflation target

Figure 7: Optimal food inflation range (following Ahortor et al., 2012; Seleteng, 2010)

We proceed to attempt to capture the effects of the seasonal planting and harvesting cycles in
Ghana, by running our next set of analysis on biannual data from 1990 to 2015. Data from July till
December is considered first, followed by data from January till June, as these are the periods during
which harvesting and planting occur respectively. We expect to identify two dissimilar threshold
inflation rates for each of the two seasons.
RESULTS FROM BIANNUAL DATA ANALYSIS
JULY – DECEMBER RESULTS
Between July and December, a threshold of 6.1% is identified (see table 9 below. This drop in
estimated threshold can be explained by the fact that during these months, harvesting of crops is

10

Food Inflation trend line is read against the left vertical axis, with the aggregate and optimal threshold bands
read against the right vertical axis

24

underway, thus food supply will be at its peak, leading to a fall in general food prices and by
implication, a lower and optimal inflation threshold rate.
Table 9: July-December data results

Variable
FI(1) < 0. 061191999 -- 18 obs
FI
0. 061191999 <= FI(1) -- 6 obs
FI
Non-Threshold Variables, R2=0.68
C
Rainfall (in mm)
Trade ratio
Length of motorable road
Labour productivity
Residual Diagnostics
Histogram - Normality Test
Breusch-Godfrey Serial Correlation LM Test
Heteroskedasticity Test: ARCH

Coefficient

Prob.

0.072310

0.2934

-1.416241**

0.0463

1.834488
0.043170
-0.402075
2.08E-05
-0.451267

0.0011
0.0525
0.0059
0.0002
0.0007
0.9879
0.2469
0.4759

Source: Authors’ computation, ***, **, * indicate significance at 1%, 5%, and 10% respectively

Over the entire sample period11 from January 1990 to December 2013, we graphically observe a
somewhat cyclical inflationary pattern. Evidently, very low to negative food inflation growth rates
are consistently recorded between July and December each year, thus corroborating our result
above (see figure 8).
15%
Jan 1990 - Dec 1997
Jan 1998 - Dec 2005
Jan 2006 - Dec 2013

10%
5%

Jan
Apr
Jul
Oct
Jan
Apr
Jul
Oct
Jan
Apr
Jul
Oct
Jan
Apr
Jul
Oct
Jan
Apr
Jul
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Jan
Apr
Jul
Oct
Jan
Apr
Jul
Oct
Jan
Apr
Jul
Oct

0%
-5%
Figure 6: Food inflation growth rates from January 1990 – December 2013. Authors’ computation

Figure 8 also suggests that in the Ghanaian economy, optimal food inflation is not time invariant, but
indeed varies over time, particularly between the major and minor rainy seasons.
JANUARY - JUNE RESULTS
Within the analysis of data from January till June, we are unable to identify a threshold. This could
possibly be explained by the fact that most of the cultivation of crops occurs during this period, and
11

The equal sub-periods are January 1990 - December 1997, January 1998 - December 2005, and January
2006 - December 2013
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as such there is little to no addition to output in the food sector except for the sub-sectors that
involve animal rearing and fish farming. The un-identification of a threshold is not odd as other
studies (Yilmaz, 2009; Kheir-El-Din and Abou-Ali, 2008; Hussein, 2005; Singh and Kalirajan, 2003)
although at the aggregate level have also failed to identify thresholds. Furthermore, it is quite
possible that the failure to identify a threshold during this period could be due to the lag effect
arising from consumption of the July to December’s output, while planting takes place within this
period of January till June.
In ensuring robustness of our earlier findings, we employ here the Smooth Transition Regression
(STR) method developed by Terasvirta (1998). Indeed, TAR is developed to identify abrupt changes in
the threshold variable, while STR is able to model both smooth and abrupt changes in the threshold
variable (Mejia-Reyes, 2004). Moreover, both TAR and STR are widely used in univariate
frameworks.
One downside of STR identified in the literature is the cumbersome computation of some of its
diagnostic tests which essentially make the STR end up as a TAR (Mejia-Reyes, 2004). Eitrheim and
Terasvirta (1996) also note that the moment matrix of regressors in the auxiliary regressions used in
computing the test statistics effectively become singular.
A general representation of an STR model is as follows:
n

n

i 1

i 1

y t   0    i xti  F ( z t )( 1   i xti )   t
Where yt is the dependent variable, xti are the observations on

(12)

explanatory variables, for

(with the option of incorporating lags of the dependent variable),  t is an independent
and identically distributed disturbance, with mean zero and variance

, while F ( zt ) is a transition

function between regimes.
We test for linearity in our model, with a null of linearity ( 1i   2i   3i  0, i  1 , ..., n) against a
nonlinear STR specification using the equation below.
n

n

n

i 1

i 1

i 1

n

yt  0   i xti   1i xti zt    2i xti zt    3i xti zt   t
2

3

(13)

i 1

From the table 10 below, the null hypothesis of linearity is rejected at the 5% significance level,
strongly supporting the existence of a nonlinear STR specification.
Table 10: Test for linearity in Smooth Transition Regression

LM statistic
20.430

Transition variable: Cubic expansion

P-value
0.015

Table 11 shows the test for transition significance in our variable of interest under a null of
insignificance of the transition variable. The results indicate that food inflation in Ghana significantly
possesses properties of being a transition variable.
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Table 11: Test for significance in transition variable

F-statistic
30.493

Food inflation

P-value
0.000

STR estimation results are presented in table 12. A threshold of 3.52% is identified, translating to an
annual threshold inflation rate of 10.95%. This compares very favourably with our earlier TAR
estimate of 11.51%. A high p-value in STR models (as in column 4 of table 12) suggests that a TAR
model may be preferred in identifying the threshold (Ronderos, 2015).
Table 12: Smooth Transition Regression estimation results

Variable
Food inflation

Coefficient
0.035239

Standard error
0.029420

P-value
0.2410

We conclude our analysis by estimating transition probabilities (table 13) between high and low
inflation12 regimes, as well as expected durations (table 14) of those regimes by employing a Markov
switching model as per Kim and Nelson (1999).
Table 13: Expected switching probabilities

13

High inflation
Low inflation

High inflation
0.776780
0.649730

Low inflation
0.223220
0.350270

The results from table 13 indicate a great chance (65%) of a high inflation regime succeeding a low
inflationary period. Furthermore, a minimal chance (35%) is estimated of a low inflation period
succeeding a previously low inflation period. The greatest expectation is for a high inflation era to
succeed itself, and indeed only a one in five chance is given for a high inflation regime to give way to
a low inflationary period. These findings thus suggest dire consequences for prices of food items in
Ghana by providing evidence for a very strong upward rigidity in Ghana’s food prices.
Table 14: Expected durations of inflation

High Inflation
4.479886

Low Inflation
1.539102

Having established upward price rigidity, we are interested in determining how long or short food
prices will be expected to remain in each regime. Results from table 14 imply an expected duration
of about four and a half quarters for high inflationary periods while lower inflation is expected to last
for a much shorter period - merely one and half quarters. These findings speak to our earlier
discussion on inflation persistence being a bane for the Ghanaian economy. Indeed, urgent action
needs to be taken to salvage Ghana’s food sector from the ill effects of high and persistent inflation.
6. PRELIMINARY CONCLUSION
While a unitary inflation target for the entire economy is being practised in Ghana, our results
indicate that within the food sector, the optimal inflation threshold actually lies outside the targeted
12
13

We define high inflation as inflation above the estimated threshold rate and vice versa.
Rows indicate initial states and columns indicate end states
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inflation rate at the aggregate level. Moreover, while no threshold is identified for the dry season, a
markedly lowe threshold is identified for the rainy season. Our findings therefore suggest that the
Bank of Ghana’s adoption of a unitary inflation target could pose negative effects on the output
potential of the food sector.
It is also recommended that the central bank of Ghana monetary policy committee sets up what
could be referred to as sectorial monetary policy committees which will spearhead and oversee the
implementation of a sectorial inflation target for the Ghana food sector, as this will ultimately result
in higher levels of food sector output in the country.
Finally, further studies to determine sector specific threshold rates of inflation are recommended for
the other sectors of the Ghanaian economy.
References
Adusei, M. 2012, "Single-Digit Inflation Targeting: Does it Promote Economic Growth?", Journal of
Economics and Sustainable Development, vol. 3, no. 12, pp. 102-106.
Ahortor, C.R., Adenekan, A. & Ohemeng25, W. 2012, "An Estimate of Inflation Threshold in the
WAMZ: The Case of Ghana and Nigeria", WAMIJ, vol. 11, pp. 158-201.
Arize, A. C., & Malindretos, J. (2012). Nonstationarity and Nonlinearity in Inflation Rate: Some
further Evidence. International Review of Economics & Finance, 24, 224-234.
Azariadis, C., & Smith, B. D. (1996). Private information, money, and growth: Indeterminacy,
fluctuations, and the Mundell-Tobin effect. Journal of Economic Growth, 1(3), 309-332.
Bank
of
Ghana,
2007.
http://www.bog.gov.gh/privatecontent/MPC_Press_Releases/2007%20MPC%20PRESS%20RELEASE
%20-%20May.pdf
Bick, A. 2010, "Threshold effects of inflation on economic growth in developing countries",
Economics Letters, vol. 108, no. 2, pp. 126-129.
Boafo-Arthur, K. (1999). Ghana: Structural adjustment, democratization, and the politics of
continuity. African Studies Review, 41-72.
Burdekin, R.C., Denzau, A.T., Keil, M.W., Sitthiyot, T. & Willett, T.D. 2004, "When does inflation hurt
economic growth? Different nonlinearities for different economies", Journal of Macroeconomics,
Cervantes-Godoy, D., & Dewbre, J. (2010). Economic Importance of Agriculture for Poverty
Reduction.
Chaudhry, I.S., Ayyoub, M. & Imran, F. 2013, "Does inflation matter for sectoral growth in Pakistan?
An empirical analysis", Pakistan economic and social review, vol. 51, no. 1, pp. 71-92.
Christiaensen, L., Demery, L., & Kuhl, J. (2011). The (Evolving) Role of Agriculture in Poverty
reduction—An Empirical Perspective. Journal of Development Economics, 96(2), 239-254.

28

Correa, A. d. S., & Minella, A. (2010). Nonlinear Mechanisms of the Exchange Rate Pass-through: A
Phillips Curve Model with Threshold for Brazil. Revista Brasileira De Economia, 64(3), 231-243.
Crespo Cuaresma, J. & Silgoner, M. 2014, "Economic Growth and Inflation in Europe: A Tale of Two
Thresholds", JCMS: Journal of Common Market Studies, vol. 52, no. 4, pp. 843-860.
Dornbusch, R., & Fischer, S. (1993). Moderate Inflation. The World Bank Economic Review, 7(1), 144.
Drukker, D., Gomis-Porqueras, P. and Hernandez-Verme, P. 2005. "Threshold effects in the
relationship between inflation and growth: a new panel-data approach," MPRA Paper 38225,
University Library of Munich, Germany. http://www.uh.edu/~cmurray/TCE/papers/Drukker.pdf
Eggoh, J.C. & Khan, M. 2014, "On the nonlinear relationship between inflation and economic
growth", Research in Economics, vol. 68, no. 2, pp. 133-143.
Fabayo, J. A., & Ajilore, O. T. (2006). Inflation: How much is too much for economic growth in
Nigeria. Indian Economic Review, 129-147.
Fischer, S. & Modigliani, F. 1978, "Towards an understanding of the real effects and costs of
inflation", Weltwirtschaftliches Archiv, vol. 114, no. 4, pp. 810-833.
Fischer, S. 1979, "Capital accumulation on the transition path in a monetary optimizing model",
Econometrica: Journal of the Econometric Society, , pp. 1433-1439.
Fischer, S. 1993, "The role of macroeconomic factors in growth", Journal of Monetary Economics,
vol. 32, no. 3, pp. 485-512.
Frankel, J. A., & Romer, D. (1999). Does Trade Cause Growth? American Economic Review, , 379-399.
Frimpong, J.M. & Oteng-Abayie, E.F. 2010, "When is inflation harmful? Estimating the threshold
effect for Ghana", American Journal of Economics and Business Administration, vol. 2, no. 3, pp. 232.
Gerlach, S., & Tillmann, P. (2012). Inflation Targeting and Inflation Persistence in Asia–Pacific. Journal
of Asian Economics, 23(4), 360-373.
Ghosh, A. & Phillips, S. 1998, "Warning: inflation may be harmful to your growth", Staff PapersInternational Monetary Fund, , pp. 672-710.
Gokal, V. & Hanif, S. 2004, Relationship between inflation and economic growth, Economics
Department, Reserve Bank of Fiji.
Hansen, B.E. 1996, "Inference when a nuisance parameter is not identified under the null
hypothesis", Econometrica: Journal of the econometric society, , pp. 413-430.
Hansen, B.E. 1999, "Threshold effects in non-dynamic panels: Estimation, testing, and inference",
Journal of Econometrics, vol. 93, no. 2, pp. 345-368.
Hansen, B.E. 2000, "Sample splitting and threshold estimation", Econometrica, , pp. 575-603.

29

Harrison, A. (1996). Openness and Growth: A Time-Series, Cross-Country Analysis for Developing
Countries. Journal of Development Economics, 48(2), 419-447.
Heintz, J. & Ndikumana, L. 2011, "Is there a case for formal inflation targeting in sub-Saharan
Africa?", Journal of African Economies, vol. 20, no. suppl 2, pp. ii67-ii103.
Hodge, D. 2006, "Inflation and growth in South Africa", Cambridge Journal of Economics, vol. 30, no.
Hussain, M. (2005). Inflation and growth: Estimation of threshold point for Pakistan. Economic Policy
Department, State Bank of Pakistan, October.
Huybens, E., & Smith, B. D. (1998). Financial market frictions, monetary policy, and capital
accumulation in a small open economy. Journal of Economic Theory, 81(2), 353-400.
Hwang, J. & Wu, M. 2011, "Inflation and Economic Growth in China: An Empirical Analysis", China &
Kabundi, A., Schaling, E., & Some, M. (2015). Estimating a Phillips Curve for South Africa: A Bounded
Random Walk Approach (No. 568)
Khan, M., 2005. Inflation and Growth in MCD Countries. Mimeo. International Monetary Fund.
Khan, M.S. & Senhadji, A.S. 2001, "Threshold effects in the relationship between inflation and
growth", IMF Staff papers, , pp. 1-21.
Kheir-El-Din, H. & Abou-Ali, H. 2008, "Inflation and Growth in Egypt: Is There a Threshold Effect?",
Kim, C., & Nelson, C. R. (1999). State-Space Models with Regime Switching, Cambridge: The MIT
Press.
Kyereboah-Coleman, A. & Agyire-Tettey, K.F. 2008, "Impact of macroeconomic indicators on stock
market performance: The case of the Ghana Stock Exchange", The Journal of Risk Finance, vol. 9, no.
Mankiw, N.G., Romer, D. & Weil, D.N. 1990, A contribution to the empirics of economic growth, .
Marbuah, G. 2011, "On the inflation-growth nexus: Testing for optimal inflation for Ghana", Journal
of Monetary and Economic Integration, vol. 11, no. 2, pp. 54-82.
Mubarik, Y.A. 2005, Inflation and growth: An estimate of the threshold level of inflation in Pakistan,
State Bank of Pakistan.
Nobay, A., & Peel, D. A. (2000). Optimal Monetary Policy with a Nonlinear Phillips Curve. Economics
Letters, 67(2), 159-164.
Obeng, A.Y., 2014, ISSN 2223-7062 Proceedings and report of the 7th UbuntuNet Alliance annual
conference, 2014, pp 333-346
Ocran, M.K., 2007. A Modeling of Ghana’s Inflation Experience: 1960-2003. AERC Research Paper
No.169. African Economic Research Consortium, Nairobi; www.aercafrica.org/documents/rp169.pdf
Odhiambo, W., Nyangito, H.O. & Nzuma, J. 2004, Sources and determinants of agricultural growth
and productivity in Kenya, Kenya Institute for Public Policy Research and Analysis.
30

Phiri, A. (2016). Inflation Persistence and Monetary Policy in South Africa: Is the 3% to 6% Inflation
Target Too Persistent? International Journal of Sustainable Economy, 8(2), 111-124.
Quartey, P. 2010, "Price stability and the growth maximizing rate of inflation for Ghana", Modern
Economy, vol. 1, no. 03, pp. 180.
Rodriguez, F., & Rodrik, D. 2000. Trade Policy and Economic Growth: A Skeptic's Guide to the CrossNational Evidence. NBER Macroeconomics Annual, 15, 261-325.
Ronderos, N. 2015 "Performs testing, estimation and evaluation of STR models.", Eviews library
package
(forums.eviews.com/download/file.php?id=3421),
(http://forums.eviews.com/viewtopic.php?t=11597).
Sarel, M. (1995). Nonlinear effects of inflation on economic growth.
Seleteng, M. 2010, "Inflation and Growth: An estimate of an optimal level of inflation in Lesotho",
Avaliable at ww.centralbank.org.ls/.../Inflation% 20&% 20Econo% 20Growth.pdf (access date: 25, .
Sepehri, A. & Moshiri, S. 2004, "Inflation‐growth profiles across countries: evidence from developing
and developed countries", International Review of Applied Economics, vol. 18, no. 2, pp. 191-207.
Sidrauski, M., 1967. Inflation and economic growth. J. Political Econ., 75: 796-810.
Sowa, N. K. (1994). Fiscal Deficits, Output Growth and Inflation Targets in Ghana. World
Development, 22(8), 1105-1117.
Sowa, N. K. (1996). Policy Consistency and Inflation in Ghana, 43
Sowa, N., & Kwakye, J. (1993). Inflationary Trends and Control in Ghana. AERC Research Report
(Nairobi: AERC, 1991).
Sowa, N.K. & J.K. Kwakye, 1994. Is Ghana’s inflation a monetary phenomenon? Econ. Bull. Ghana,
22:1105-1117. DOI: 10.1016/0305-750X(94)90079-5
Vega, M., & Winkelried, D. (2005). Inflation Targeting and Inflation Behavior: A Successful Story?
International Journal of Central Banking, 1(3), 153-175.
Yabu, N., & Kessy, N. J. (2015). Appropriate Threshold Level of Inflation for Economic Growth:
Evidence from the Three Founding EAC Countries. Applied Economics and Finance, 2(3), 127-144.

31

