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FOOD PRICING REFORMS AND PRICE TRANSMISSION IN
MALAWI: IMPLICATIONS FOR FOOD POLICY AND FOOD
SECURITY

Abstract

This study investigates the effect of food pricing liberalization in 1995, following the liberalization of food
marketing liberalization in 1987, by examining the impact of pricing reforms on the long-run price
relationships in eight spatial markets using monthly price data for four food crops (maize, rice, beans and
groundnuts). We also identify markets that are weakly exogenous in the market and analyse the extent
of price transmission using cointegration analysis. The results suggest that the markets for all four food
crops are integrated and price liberalization has enhanced the degree of market integration. We find that
Blantyre is central in the price transmission in the maize and groundnuts markets, Karonga is central in
the rice markets and Blantyre and Lilongwe are central to the beans market. The short-run price dynamics
reveal that, on average, the price changes in central markets explain between 18 percent (maize) and 70
percent (rice) of the variation in the price of peripheral markets, and between 15 percent and 47 percent
of the price adjustment to the long-run equilibrium takes place within a month.

Keywords: Food Pricing Reforms, Market Integration, Malawian Agriculture

1. Introduction

Liberalization of agricultural marketing services has been part of a World Bank/IMF
package of economic reform to developing countries within the Structural Adjustment
Programs (SAPs). The argument by the Bretton Woods institutions has been that the
agriculture sector in developing countries is inefficient due to various state
interventions with respect to marketing, pricing and various forms of input subsidies.
Such policies have not provided proper incentive to smallholder farmers, and this has
led to insufficient production of food crops. Many countries in the developing world,
particularly in Africa, have liberalised the marketing of agricultural produce.! Malawi
adopted structural adjustment programs in 1981 after the economic crisis of 1979
through to 1981. Since 1981 Malawi has had seven Structural Adjustment Loans

(SALs). The government has embarked on reforms in the agricultural sector within a

! Some notable examples in Africa include Zimbabwe, Zambia, Malawi, Ethiopia, Tanzania, Zambia

and Somalia. There exist vast literature on the issue of food marketing liberalization in Africa (see
Mkwezalamba, 1989; Dadi et al, 1992; Beynon et al, 1992; Coulter and Golob, 1992; Seppala, 1998; Chirwa,
1998; Rikuni and Wyckoff, 1991; Barrett, 1997; Jones, 1996; Kherallah and Govindan, 1999).
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broader macro-adjustment programme with specific policy actions targeting marketing

and pricing in the agriculture sector (Chirwa, 1998).

The study of market integration is important in order to determine the co-movements
of prices and the transmission of price signals and information across spatially
separated markets. Market integration ensures that a regional balance occurs between
food-deficit and food-surplus areas. This study focuses on the integration of maize,
rice, beans and groundnuts markets in eight spatially separated markets using monthly
price information. Maize is the main staple food and rice is the alternative staple food
in Malawi. The government maintains limited intervention on maize pricing which is
binding to the state marketing agency while market forces completely determine the
pricing of all other agricultural food produce. We organise the rest of the paper as
follows. Section 2 briefly reviews developments in food marketing policies in Malawi
in the post-independence era. In Section 3 we describe the methodology used in the
study to test spatial price relationships. Section 4 reports and discusses the empirical
evidence on the existence of long-run equilibrium relationships and the impact of the
liberalization of government price controls. In section 5, we offers concluding remarks

and policy implications.

2. Food Marketing Policies and Reforms in Malawi

Prior to food marketing liberalization in 1987, state intervention in marketing of
agricultural crops in Malawi were in the form of monopsony power of the state
marketing agency, the regulation of private traders, and price controls. The state
marketing agency, the Agricultural Development and Marketing Agency (ADMARC),
had monopsony power in the purchase of two main cash crops from smallholder
farmers, cotton and tobacco, under the Agricultural and Livestock Marketing Act of

1964. Otherwise, private trade in other commodities produced by smallholder farmers



preceded official marketing institutions and has always been acceptable.> The only
restrictions formally applied to the activities of large and non-African traders, including
upper limits on quantities of produce a single trader may purchase. Nonetheless, most
food crops were under marketing control and required one to obtain a license to
conduct trade.> Moreover, private traders had to obtain separate licenses for the right

to purchase each separate class of produce.

The government officially determined prices for all food crops under control by
announcing pan-territorial and pan-seasonal prices which were binding to ADMARC.
Chirwa (1998) observes that the private market price for maize was generally higher
than the official price administered by ADMARC even during price controls, an
indication that government pricing policy was not particularly binding to private
traders. The government used ADMARC marketing activities as instruments of
enforcing price policy in the agricultural sector and the wage-earning sector,

particularly for maize.*

Reforms in agricultural marketing commenced in 1987, following the inefficiencies in
the state marketing agency, ADMARC, deteriorating terms of trade in agricultural
exports and the macroeconomic problems that adversely affected parastatal finances.
The agricultural marketing reform programme was based on two strategies. First, in
the short-term periodic price adjustments of smallholder crop prices provided an
interim solution to the problem. Second, introduction of competition by allowing more

players in the marketing of smallholder crops provided a long term solution. The price

2

Scarborough (1990) argues that although ADMARC had limited monopsony power, private trade
in other crops had been very effectively discouraged through alternative means, such as multiple licensing
and red tape in the licensing of traders.

} The following crops were under price control and trader licensing requirement: burley, beeswax,
black gram, bulrush millet, Canadian wonder beans, capsicums (dried), cashew nuts, cassava, castor, chilies
(dried), chick peas, delicious beans, dried peas, green gram, groundnuts, honey, macadamia nuts, maize,
mixed beans, paddy rice, pigeon peas, sesame, sorghum, soya beans, sugar beans, wheat and white haricot
beans.

¢ Kandoole et al. (1988) and Harrigan (1988) elaborate on the pricing and storage policies that were
supposed to be achieved, and the resultant conflicts.
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incentive strategy was based on the assumption that smallholder farmers are
responsive to price signals to expand their production and to improve their

productivity within a land constrained environment.

The legislation of the Agriculture (General Purpose) Act of 1987 essentially eliminated
ADMARC s quasi-monopsony power in smallholder agriculture marketing in the
domestic market. Regulations governing the activities of private traders in a liberalised
market system had the following features: market-specific annual traders licenses;
restrictions on nationality;” pan-seasonal minimum producer prices; export licensing
system for maize exports; traders monthly submission of statements of trading
activities. The government also decentralised the licensing of private traders to
Agriculture Development Divisions (ADDs). This decentralisation reduced the red-tape
in the licensing process. Although, marketing of agricultural produce is liberalized,
ADMARC continues to play a dominant role through its extensive marketing network

(1200 markets in 1987) in the urban and rural areas across the country.

In 1995, the government embarked on agricultural pricing reforms and abandoned the
system of pan-territorial and pan-seasonal pricing for agricultural produce. ADMARC
was free to determine the prices of all smallholder produce except for maize producer
price in which it is allowed to vary prices within a fixed price band which is reviewed
regularly. The government monitors the prices of various agricultural produce in
various markets through collection of monthly prices from private traders in fifteen
spatially separated markets. Although, the price information is important, the
monitoring system does not determine the extent of trade flows between markets and

the number of private traders that actively operate in various markets.

Following these reforms, several studies have evaluate the supply response to
liberalization of smallholder agriculture marketing activities in Malawi and highlight

the problems and constraints that private traders face in marketing activities (Kaluwa,

> This was in line with the restriction of Asian and European traders in retail and wholesale

businesses in rural areas effected by the amendment of the Business Licensing Act in 1975.
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1992; Kandoole et al., 1988, Mkwezalamba, 1989, Scarborough, 1990; Chirwa, 1998).
The main constraint faced by private traders include transport availability and
transport costs, credit availability, storage facilities and lack of pricing and marketing
skills. Goletti and Babu (1994) investigate the integration of maize markets and use
monthly retail prices of maize at eight main locations between 1981 and 1991, and find
that liberalization increased market integration and that the major urban areas were

pivotal in the price transmission.

3. Methodology

3.1  Concept and Measurement of Market Integration

The concept of market integration is modelled within the framework of the spatial price
equilibrium (SPE) model of inter-market linkages, in the point-space tradition of
Samuelson (1952) and Takayama and Judge (1964), that is subject to production shocks
and general price information. Two markets may be said to be spatially integrated if,
when trade takes place between them, price in the importing market equals price in the
exporting market plus the transportation and other transfer costs involved in moving
food between them. The measurement of the extent of spatial market integration is still
a matter of considerable debate conceptually and empirically. Testing whether the
arbitrage conditions are met requires information on prices, trade flows between
markets and transfer costs. However, in empirical work only price information is
readily available, and empirical tests of market integration concentrate on price
analysis, which does not reveal whether there are trade flows among markets due to
price differentials. Barrett (1996) notes that co-movements of prices has thus become

synonymous with market integration.

The literature suggests several approaches to testing spatial market integration using

market prices to examine the concept of spatial arbitrage and the effect of liberalization



of food marketing systems in developing countries.® The conventional tests of market
integration, when only price series data are available, include correlation analysis
following Jones (1972) and Lele (1967), the Law of One Price (LOP) (Richardson, 1978),
the Ravallion model (Ravallion, 1986), and the application of new econometric
techniques of cointegration and Granger causality (Palaskas and Harriss-White, 1993;
Alexander and Wyeth, 1994).”

The conventional approaches of testing market integration have been criticized for
ignoring transaction costs in assessing food market integration. For example, Barrett
(1996) argues that while cointegration indicates that a long-run reduced form linear
relationship exists between two time series, it is neither a necessary nor a sufficient
condition for market integration. Baulch (1997b) notes that the conventional tests of
market integration ignore transfer costs and assume a linear relationship between
market prices, not consistent with discontinuities in trade implied by the spatial
arbitrage conditions, and proposes a Parity Bounds Model (PBM). . Nonetheless,
available empirical studies that use the parity bounds model rely on best estimates of
transaction costs, and the model falls short of telling us whether trade flows occur
(Barrett, 1996). Zanias (1999) also notes that using proxy transport costs or transaction
costs may create more problems than they intend to solve. Timmer (1996) also observes
that in spite of sophistication in econometric techniques our understanding of market
integration requires real data on transaction costs and trade flows between spatially

separated markets.

Given that only price information from private traders is collected in Malawi, we test
the existence of long-run equilibrium relationships among the main markets using the

cointegration analysis. Although, government pricing policy is more binding on

6

See among others Jones (1972), Silvapulle and Jayasuriya (1994), Palaskas and Harriss-White
(1993), Jones (1996), Alexander and Wyeth (1994), Fafchamps and Gavian (1996), Baulch (1997 a, b) and
Barrett (1997).

7 Other recent studies using cointegration analysis include Dercon (1995), Fafchamps and Gavian
(1996), Ismet et al. (1998), Bassolet and Lutz (1999), Asche et al. (1999), Zanias (1999) and Sanjuan and Gil
(2001).



ADMARC s pricing behaviour, it can be argued that changes in government pricing
policy can also influence the marketing and pricing behaviour of private traders. The
direction of the influence depends on private traders perceptions on the signals such
a policy sends in the market environment. If the policy creates uncertainty about the
future of private marketing system, then we would expect a negative effect of the
structural change on the extent of market integration. This may be plausible in a case
where the pricing of other crops are completely liberalized, while limited control is

maintained on other products and where government policy reversals are evident.
3.2 Market Integration and Cointegration Analysis

Cointegration focuses on the long-run relationships between bivariate or multivariate
price series. Thus, cointegration among non-stationary prices means that a linear
combination of the series is stationary and prices therefore tend to move towards the
long-run equilibrium relationship. Given prices for two spatial markets, the long-run

price relationship can be obtained by running the following regression

pti:a+ﬁptj+et (1)

where g, is the error term. This tests whether3=1 in equation (1) is the test of the Law
of One Price, that imply that price changes in one market will be transmitted on a one-
for-one basis to other markets instantaneously. New developments in time-series
econometrics, suggest that if the price series are non-stationary, normal inference is not
valid on the parameters and results from equation (1) are spurious. However, if the
price series are integrated of the same order, then equation (1) can be used to test for

cointegration using the Johansen vector autoregression (VAR) method.®

s Alternatively, the two-step Engle and Granger (1987) cointegration procedure can be used to test

for cointegration. However, it is well known that the Engle-Granger procedure suffers from the
simultaneity problem and the results are sensitive to the choice of the dependent variable. On the other
hand, the advantage of the VAR procedure is that it avoids the simultaneity problem and allows hypothesis
testing on the cointegration vector.



Cointegration implies that there is a linear long-run relationship between price series
in spatially separated markets, and is interpreted as a test that f#0. If =0, then the
price series are cointegrated and a long-run equilibrium relationship exists between the
prices, and hence there exist a cointegration vector (1, -f). Cointegration tests for
market integration are only tests of whether there is a statistically linear relationship
between different data series (Asche et al, 1999) and tests for more general notion of

equilibrium.

The Johansen VAR-based procedure (Johansen, 1988) of testing cointegration is the
maximum likelihood procedure which relies on the relationship between the rank of
a matrix and its characteristic roots. The Johansen (Trace) test detects the number of
cointegration vectors that exists between two or more integrated time series. The
Johansen procedure can be used to test for the presence of a cointegration vector
between different price series if they are integrated of the same order. It is based on
maximum likelihood estimation of the error correction model and each two-variable
system is modelled as a vector auto regression

k-1
Ax, =p + Y TAx,, +IIx,, +¢ (2)

t-k t
i=1
where x, is an n % 1 vector containing the series of interest (spatial prices), I' and II are
the matrices of parameters, k is adequately large both to capture the short-run dynamics
of the underlying VAR and to produce normally distributed white noise residuals and ¢,

is a vector of white noise errors.

The Johansen methodology involves testing whether the II matrix in (5) has less than
full rank using the maximal eigenvalues test and the trace test. The rank of II, r,
determines the number of linear combinations of x ; that are stationary. If r = n, the
variables in levels are stationary and if r = 0 then none of the linear combinations are
stationary. When 0 < r < n, there are r cointegration vectors or r stationary linear
combinations of x,. [I=«f ", where both « and [ are n x r matrices, with  containing

the cointegration vectors and « containing the adjustment parameters.



3.3 Weak Exogeneity and Price Transmission

If there exist long-run relationships between markets, then knowledge about the
markets that drive the market system may be important for government stabilization
policy. Thus, it is important to identify markets that are exogenous in the market
system and to determine the extent of price transmission. The Johansen procedure also
allows a range of hypothesis testing on the coefficients o and B using the likelihood

ratio test.

One such test relates to the exogeneity of price series in the system. The price in market
i is weakly exogenous for the set of parameters of interest, say z, if the marginal
process of prices in market i contains no useful information for the estimation of z.
This implies that an inference of z can be sufficiently made conditionally on prices in
market i alone and its marginal process contains no relevant information (Charemza
and Deadman, 1997). The test for exogeneity involves testing the factor loading matrix,
o, that contains information about the dynamic adjustment of the long-run
relationships. The test of whether prices in market i are weakly exogenous to all other
markets in the system is obtained by testing the restriction that all parameters in the

corresponding row in the o matrix are zero in a cointegrating system (Johansen, 1994).

Once we identify weakly exogenous markets, using the Granger Representation
Theorem (Engle and Granger, 1987) we investigate short-run dynamics of the price
series by estimating the following error correction model for each of the price series
between the peripheral and central market:

. 3 q-1 . q-1 .

i i j

Aln p, = a, + kzl:dk S, + 2.1, Aln p, +zzo: b, Aln p;, + g ECT, , + ¢, (3)

where S, are seasonal dummies (quarterly), pti is the price of maize or rice in a
dependent market i, p, is the price of maize or rice in weakly exogenous markets j,
ECT,, is the lagged error correction term, ¢, is the error term. The most relevant

parameters in equation (3) are the short-run parameter (b,) and the adjustment



parameter (g). The significance of the short-run parameters and the adjustment
parameter has implications for causality and cointegration (Enders, 1995). If g is zero,
then the change in price in market i does not respond to the deviation from the long-run
equilibrium in (t - 1). If the adjustment parameter is zero and all b, are zero, then the
price in market j does not Granger cause price in market i. In addition, the price series

are cointegrated if one or both of the coefficients are significantly different from zero.

34 Data and Data Sources

The analysis of market integration is based on monthly price series from medium and
small-scale private traders in selected markets covering the period between 1989 and
1998. These data are available from the Ministry of Agriculture and Livestock
Development for more than fifteen spatial markets across the country. The analysis of
market integration focuses on eight spatial markets: Karonga and Mzuzu in the
northern region; Nkhotakota, Lilongwe and Lizulu in the central region, and Blantyre,
Luchenza and Bangula in the southern region. Mzuzu, Lilongwe and Blantyre are the

three regional cities in Malawi.

We make a distinction between crops that are mainly staple foods from those that are
supplementary foods. Maize and rice are staple food crops for an average household
in Malawi while beans and groundnuts are supplementary and exportable food crops.
The estimations were carried out on TSP 4.4 (Hall, Cummins and Schnake, 1995) and
PcFiml 9.10 (Doornik and Hendry, 1997). We test, for each crop, whether the markets
operate as a unified system using the full sample data. We test the effect of price
liberalization on market integration by comparing the number of cointegrating vectors
before price liberalization (1989:01 - 1995:03) and after price liberalization (1995:04 -
1998:12).
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4. Empirical Results

4.1  Time-series properties of the data

Table 1 presents descriptive statistics of the nominal price series for five food crops in
different markets. The three main urban centres Blantyre, Lilongwe and Mzuzu tend
to have higher average monthly prices for most food crops. The average monthly price
for maize is highest in Blantyre and lowest in Bangula. Blantyre and Mzuzu have
higher average prices while Karonga and Bangula have lower average prices for rice.
Average monthly prices for beans are higher in Mzuzu and Bangula and are lowest in
Lizulu. Luchenza and Nkhotakota have higher average monthly prices for groundnuts
while cassava prices are lowest in Lilongwe. In all food crops, the variability in
monthly prices is quite high relative to the mean prices, particularly for maize and rice

price series.

[Table 1 about here]

The first step in the analysis of time-series, to avoid spurious relationships, is to test for
the presence of unit roots using the Augmented Dickey-Fuller unit root test (Dickey
and Fuller, 1979). Figure Al presents trends in the logarithm of nominal prices and
Table 2 reports the results of the Augmented Dickey-Fuller unit root tests in levels and
first difference in logarithms of price series. Unit root tests on price levels show that
the null hypothesis of the existence of a unit root or non-stationarity can not be rejected
at 5 percent level for all food crops in all markets. Differencing the series once, leads
to rejection of the null hypothesis of a unit root at 5 percent level for all price series.
The unit root test, therefore, imply that all the price series for all crops are stationary

in first difference, and hence the price series are integrated of order 1, I(1).

[Table 2 about here]

4.2 Cointegration and Long-run Relationships

11



Table 3 presents the results of the multivariate cointegration analysis for four food
crops in eight spatial markets. The trace tests from the full sample results reveal the
existence of three, six, three and four cointegrating vectors in maize, rice, beans and
groundnuts price series, respectively. The results show that the markets for food crops
in Malawi operate as a unified market system. In terms of the number of significant
cointegrating vectors, the extent of market integration is higher for rice price series,
followed by groundnuts price series and is lowest for maize and beans price series.
The government pricing policy mainly focuses on maize, the main staple food crop, and
the prices of other crops have been less restrictive with respect to private marketing.

Relatively, we find that maize prices are less cointegrated compared to rice price series.

The difference in the level of market integration for the two main food crops, maize and
rice, may be explained by the government pricing policy. The most explicit pricing
policy enforced through ADMARC even before marketing and pricing liberalization
has been on maize, while trade on rice has been conducted with remote interventions.
Moreover, the restrictions on the exportation of rice have been moderate compared to
maize on which government still maintains control. The results show high market
integration for food crops that have fewer restrictions on pricing and international trade
such as rice and groundnuts compared to maize which is still under limited control by

the government.

Rice, beans and groundnuts are also the main food cash crops in Malawi. After
marketing liberalization in 1989, large scale manufacturing enterprises directly
purchase crops used in their production process such as rice and groundnuts from
smallholder farmers and the activities of these large traders with limited transport

constraints may facilitate the integration of markets.

[Table 3 about here]

We divide the sample into two different periods assuming April 1995 as the effective

month for the new price regime and determine whether there are changes in rank of the

12



cointegrating systems.” The trace tests in Table 3 show that although long-run
relationships exist in both regimes although the extent of market integration is lower
in the period before price liberalization than observed in the period after price
liberalization. These results are contrary to the finding in the Indonesian rice market
(Ismet et al., 1998) where price liberalization resulted in a decrease in the extent of

market integration.

The improvement in the integration of markets after price liberalization is significantly
evident in the groundnuts price series with five cointegrating vectors compared to two
cointegrating vectors before price liberalization. We find no significant changes in the
number of cointegrating vectors following price liberalization in maize, rice and beans
price series. Generally, the liberalization of crop prices, which were binding for the
state marketing agency, does not significantly change the integration of food markets
in the private marketing system. However, the results suggest that market integration
is higher in products in which there has been complete price liberalization, and the

continued fixed price band may constrain the activities of private traders.

Table 4 presents weak exogeneity tests based on the multivariate cointegration analysis.
We attempt to identify markets that drive the movement in the prices in the eight
markets. With respect to maize the null hypothesis of weak exogeneity cannot be
rejected for Blantyre market at the 5 percent level. The weak exogeneity of Blantyre,
as the main commercial city in Malawi, suggests that demand forces drive the long-run

spatial price relationships for the maize market in the private marketing system.

[Table 4 about here]

’ Quintos (1995), cited in Maddala and Kim (1998), provides a formal systems test for changes in

the rank of the cointegration vector space based on the trace statistics and derives the LR test and its
distribution for the null hypothesis that there are no differences in the rank of the systems in the full sample
and sub-samples. Here, we simply look at the increase in the number of cointegrating vectors before and
after price liberalization.
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The null hypothesis of weak exogeneity for rice markets cannot be rejected for Karonga
at the 5 percent level. Karonga is one of the surplus districts for rice and being a border
town also benefits from international trade with Tanzania. Thus, the potential gains
from international trade from the Karonga market are likely to affect the movement of
prices. Weak exogeneity for Lilongwe and Blantyre, the two main commercial cities,
for beans markets cannot be rejected at the 5 percent level suggesting that demand
factors are important in the price formation. With respect to groundnuts markets, weak
exogeneity for Blantyre cannot be rejected at the 5 percent level, and the involvement
of large manufacturers in purchase of groundnuts as raw materials may explain the

importance of Blantyre as a central market in groundnuts markets.

Overall, markets for food crops whose prices were completely liberalized show higher
degree of market integration than maize markets in which the government maintains
limited pricing policy. We also find Blantyre in the maize markets; Karonga in the rice
markets; Blantyre and Lilongwe in the beans markets, and Blantyre in the groundnuts
markets to be central in driving the long-run relationships in the private food

marketing system.

4.3 Short-run Price Dynamics and Vector Correction Mechanism

With the identification of central markets or weakly exogenous markets for the four
food crops, we model the short-run price relationship between the central market and
the peripheral market. Tables A1l to A5 in the appendix presents results of estimates
of error correction models assuming that Blantyre for maize, Karonga for rice, Lilongwe
and Blantyre for beans and Blantyre for groundnuts are weakly exogenous markets.
Four lags for the central and peripheral markets in estimating equation (3) were
initially used in the short-run regression, and the lags which were highly insignificant
were eliminated, resulting in more parsimonious specifications. We include quarterly
seasonal dummies, with the first quarter (Q1) coinciding with the food crop growing
period, the second quarter (Q2) coinciding with the harvesting season, the third quarter
(Q3) is the marketing and slack season and the fourth quarter (Q4) is the garden

14



preparation season. With respect to maize, prices tend to be higher in the first quarter
and lower in the second quarter reflecting high demand/constraint supply and high
supply, respectively. The importance of seasonality in the price behaviour is not
significant for the data from the private traders, with most of the seasonal dummies

statistically insignificant at the conventional levels in all the four food crops.

The most important parameters in equation (3) are the coefficient of the
contemporaneous change (b,) in the central market (a weakly exogenous market) and
the coefficient of the lagged error correction term (g). The error correction term (ECT)
is derived from the residual from the cointegration vector of the dependant and central
market in the bivariate analysis. Table 5 reports the coefficients of the current change
in the central market s price (the short-run parameter) and the adjustment speed
parameter. Overall, the general interpretation of the short-run parameters and the
adjustment parameters reveals that both causality and cointegration are high, further
confirming the hypotheses of cointegration and market integration. For the maize price
series, the contemporaneous change in the central market prices significantly affects the
price change in the peripheral market in four markets with the coefficients ranging
from 0.21 to 0.34, resulting in an average impact of 18 percent. Price changes in
Blantyre do not significantly affect price changes in markets in the northern region of
Malawi - Karonga, Mzuzu and Nkhotakota in the central region. However, the speed
of the adjustment parameter is statistically significant in six of the seven market links
and but the coefficients range from -0.29 to -0.10 suggesting that the adjustment process
is slow, and about 15 percent of the adjustment takes place within the first month. The
negative values of the adjustment parameter imply that positive deviations from the

long-run equilibrium are corrected by decreases in prices in a particular market.

[Table 5 about here]

With respect to rice price series, the significance of Karonga as a central market in the
rice market is also reflected in the large values of the short-run parameters, which range

from 0.56 to 0.76. The coefficients for the contemporaneous change in rice prices in

15



Karonga are all statistically significant at the 1 percent level, and on average changes
in rice prices in Karonga explain around 70 percent of changes in the peripheral
markets. The coefficient of the lagged error correction term shows that the speed of
adjustment is slowest for Lilongwe (-0.33) and highest for Mzuzu (-0.67), and about 47

percent of the price adjustment to the long-run equilibrium takes place within a month.

Two markets, Lilongwe and Blantyre, for the beans price series are weakly exogenous.
The contemporaneous price change in Lilongwe significantly affects the price change
in five of the six markets and the impact is stronger in Lizulu (0.46) and weakest in
Nkhotakota (0.26). Similarly, changes in the price of beans in Blantyre significantly
influence the price series in the peripheral markets, with the coefficients ranging from
0.18 in Nkhotakota to 0.52 in Lizulu. On average 30 percent and 24 percent of the
changes in the prices of beans in the peripheral markets are explained by changes in the
price of beans in Lilongwe and Blantyre, respectively. The adjustment to the long-run
equilibrium assuming Lilongwe as a weakly exogenous market is slowest for Luchenza
and fastest for Lizulu, and around 21 percent of the price adjustment takes place within
the first months. Taking Blantyre as a weakly exogenous market for beans, the
adjustment parameters are all statistically significant at the 1 percent level, and Lizulu
reverts quickly to the long-run equilibrium while Bangula adjusts slowly to the long-
run equilibrium. On average, around 29 percent of the adjustment in the prices of

beans in the peripheral markets take place within the first month.

Granger causality and cointegration in the groundnuts markets with Blantyre as a
central market is further confirmed by the significant coefficients of the short-run and
adjustment parameters at the 5 percent level. The influence of changes in the
groundnuts prices in Blantyre on other markets is strongest in Karonga (0.48) and
weakest in Lizulu (0.22), resulting in an average impact of 31 percent. The adjustments
to the long-run equilibrium show that about 27 percent of the adjustment takes places
within the first month. Overall, we observe that the average speed of adjustment to the

long-run equilibrium is slowest for maize price series and fastest for the rice price
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series, suggesting that the continued control of maize prices through a price band

constrain the efficient transmission of prices.

5. Conclusion

This study set out to examine the extent of spatial market integration for four food
crops in eight selected markets and to investigate the link between government pricing
policy and market integration in Malawi. The marketing of agricultural produce in
Malawi was liberalized in 1987 by allowing the participation of private traders, but the
government still imposed restrictions on pricing - the policy which was binding for the
state marketing agency - ADMARC. In 1995, the pricing of agricultural produce was
fully liberalized except for maize where the government still maintains limited control
over pricing through a fixed band that allows ADMARC s flexibility and full

restrictions on the exportation of maize.

The analysis of market integration using the vector autoregression cointegration
approach and the test for the existence of valid cointegration vectors, reveal that
markets for food crops given the price information are highly integrated in Malawi.
Markets for rice, beans and groundnuts in which pricing has been remote and
completely liberalized are more integrated than maize markets in which the
government still maintains limited pricing policy and export restrictions. The changes
in the pricing policy which are mostly binding to ADMARC appear to have affected the
extent of market integration, on average marginally increasing market integration in
maize, rice and beans markets, but significant change in the groundnuts markets. The
positive impact of price reforms is mostly evident in groundnuts markets in which the

number of cointegrated vectors almost doubled after price reforms.

Tests of weak exogeneity reveal that Blantyre is a central market for maize, beans and
groundnuts price series, Karonga is central in the rice markets and Lilongwe is also
central in the beans markets. Blantyre and Lilongwe are the main commercial cities

in Malawi and exogeneity implies that price improvements resulting from increased
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demand are positively transmitted to the supply markets. Though, Lilongwe is the
second commercial centre and Mzuzu a regional centre, their commercialisation relative
to surrounding markets cannot be taken for granted as central markets in the price
formation. The exogeneity of Karonga for rice markets, as a border town and one of the
rice growing district, implies that gains from cross-border trade with Tanzania are
immediately transmitted to the other markets in Malawi, and about 70 percent of the
price changes in Karonga are reflected in the price of rice in other markets, and nearly
47 percent of the adjustment to the long-run equilibrium takes place within the first
month. Productivity increases in rice production in Karonga, leading to increases in the
supply and hence a reduction in the price, would immediately lead to a decline in the

prices of rice in other markets.

The implication for price stabilisation for food security in Malawi is that government
direct intervention in the pricing of food crops has the potential for crippling the
market mechanism and arbitrage opportunities for private traders. The evidence in this
study is that the private market system is working well, and the exogeneity of Blantyre,
Lilongwe and Karonga implies that government can influence the prices of food crops
in the rural markets through market operations in the three markets. Hence, Blantyre
for maize and groundnuts, Blantyre and Lilongwe for beans, and Karonga for rice may
be the centres for government price stabilization policy by influencing supply and

demand conditions in these markets.

The methods used in the study based on price information do not reveal whether trade
flows occur due to the existence of spatial arbitrage opportunities. Nonetheless, the
identification of central markets may facilitate government stabilisation efforts through
the market mechanism, by targeting markets that are highly linked with other markets
in Malawi. In any case, in order to fully understand the working of the private
marketing system in Malawi further research is required particularly through a survey-
based study within a structure, conduct and performance framework of the private

marketing system, in a way generating data that will facilitate the application of the
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parity bounds model while gaining qualitative knowledge about trade flows between

markets.
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Table 1: Mean spatial prices for food crops in selected markets (nominal prices)

Market Maize Rice Beans Groundnuts
Karonga 1.81 ( 1.93 6.20 ( 6.81 8.38 ( 7.81) 12.06 ( 9.65)
Mzuzu 1.85 ( 212 7.62 ( 8.01 10.45 ( 9.56) 13.12 (11.03)
Nkhotakota 1.87 (2.1 6.34 ( 6.00 9.85 ( 8.76) 14.29 (11.20)
Lilongwe 1.77 ( 2.2 7.06 ( 7.40 8.07 ( 7.32) 9.24 ( 8.20)
Lizulu 1.57 (1.9 6.61 ( 8.50 7.04 ( 7.32) 9.69 ( 9.29)
Blantyre 201 ( 2.5 7.86 ( 8.61 9.90 ( 9.73) 12.42 (12.09)
Luchenza 1.92 ( 24 6.25 ( 6.10 8.43 ( 8.36) 15.08 (16.13)
Bangula 145 (2.1 6.07 ( 6.68 9.99 (10.01) 10.50 (11.11)

Notes: The figures in parentheses are standard deviations.

Table 2: Augmented Dickey-Fuller unit root tests (prices in natural logarithms)

Level First Difference

District

Maize Rice Beans G/nuts Maize Rice Beans G/nuts
Karonga -3.368(2)  -2.845(2)  -2.253(6)  -1.093 (1) -5.713 (6)  -6.633(2)  -5.324(6)  -6.697 (6)
Mzuzu -2362(2)  -2.650(3)  -3449(3)  -2.768 (2) -5.713 (6)  -7.100 (2)  -6.672(6)  -6.674(2)
Nkhotakota -2.818(2)  -2.842(3)  -2.059(3)  -2.656 (3) -6.216 (6)  -6.844(2)  -7483(2)  -7.581(2)
Lilongwe -2.267 (3)  -2265(3)  -2.376(3)  -2.255(6) -5.402 (6)  -6.488(2)  -7.222(2)  -4.537 (6)
Lizulu -2.236 (6)  -2104(3)  -0.719(6)  -2.878(2) -5.054 (6) -6.780(2)  -5330(6)  -5.595 (4)
Blantyre -2.883(2) -2343(3) -2973(3)  -2.604 (4) -7326(2) -6546(2)  -6.688(3)  -6.820 (3)
Luchenza -0.938 (4)  -2907(2)  -2.878(3)  -2.023 (3) -6.544 (6)  -6.654 (2)  -4.420(6)  -6.527(2)
Bangula -2538(2)  -3.031(2) -2.633(2)  -1.660 (3) -5574 (4)  -6.166(2)  -7.566 (2)  -7.388 (2)

Notes:  The figures in parentheses are number of lags in the augmentation. The maximum number of lags used is 6. The

MacKinnon critical values for the Augmented Dickey-Fuller test at 5 percent significance level are -3.46 and -2.98 for first
difference.
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Table 3: Extent of market integration (multivariate tests)

Trace Test Full Sample (1989:01 - 1998:12) Critical value
5%
H,: rank=r Maize Rice Beans Groundnuts
= 187.20 235.70 197.40 ™ 218.90 7 156.00
1 136.20 © 173.80 7 142.20 ™ 158.00 © 124.20
2 97.75" 12210 95.51" 114.00 © 94.20
<3 64.31 86.24 " 64.91 77.57 " 68.50
<4 39.89 58.19 " 41.37 47.01 47.20
5 21.92 34.69" 19.67 26.54 29.70
6 8.10 15.36 8.07 9.79 15.40
<7 0.78 0.26 0.18 0.08 3.80
Before Reform (1989:01 - 1995:03) Critical value
5%
H,: rank=r Maize Rice Beans Groundnuts
=0 168.20 © 184.7" 202.00 © 189.10 7 156.00
1 115.30 137.8" 134.30° 133.30° 124.20
2 74.58 98.55" 90.94 86.91 94.20
3 50.36 64.49 61.96 54.48 68.50
4 31.14 40.67 34.78 31.26 47.20
5 13.53 25.23 18.86 17.09 29.70
6 5.31 10.19 7.39 8.01 15.40
<7 0.47 3.28 0.92 213 3.80
After Reform (1995:04 -1998:12) Critical value
5%
H,: rank=r Maize Rice Beans Groundnuts
r=0 23247 219.37 249.80 7 306.40 © 156.00
r<1 150.3 157.6 " 154.50 7 202.00 © 124.20
r<2 83.08 103.7 " 104.00 © 140.70 7 94.20
r<3 50.75 61.45 67.28 88.85" 68.50
r<4 28.19 32.70 38.21 48.65" 47.20
r<b 14.34 15.65 17.76 21.22 29.70
r<6 6.51 7.93 6.18 7.91 15.40
r<7 0.28 2.04 0.60 3.31 3.80
Notes: ** significant at 1 percent level, * significant at 5 percent level



Table 4: Weak exogeneity tests (Chi-squared tests)

Maize Rice Beans Groundnuts

Market

2 p-value p- value p-value p-value
Karonga 14.40° 0.045 13.98 0.052 16.92° 0.018 24127 0.001
Mzuzu 22787 0.002 30427 0.000 16.05° 0.025 23.89" 0.001
Nkhotakota 36.06 " 0.000 35.77 " 0.000 40.05 " 0.000 25437 0.001
Lilongwe 26.88" 0.000 24537 0.001 13.04 0.071 30.13 " 0.001
Lizulu 21207 0.000 16.43" 0.022 17.73" 0.013 21757 0.003
Blantyre 8.66 0.278 27157 0.000 11.69 0.111 12.90 0.075
Luchenza 20117 0.005 17.04" 0.017 25147 0.001 20.70 " 0.004
Bangula 17.46 ™ 0.015 22247 0.002 19.67" 0.006 20.68 " 0.004

Notes: ** significant at 1 percent level, * significant at 5 percent level

Table 5: Short-run and adjustment speed coefficients

Maize: Blantyre

Rice: Karonga

Beans: Lilongwe

Dependent
Market by 8 by 8 by 8
Karonga 0.0173 -0.0516 - - 0.2957 " -0.2538
Mzuzu 0.1061 -0.1210" 0.7268 -0.6650 ~ 0.4043 " -0.2445"
Nkhotakota 0.0105 -0.1688 0.7143 -0.4321" 0.2551" -0.1929 "
Lilongwe 031237 -0.0975" 0.7464 -0.3310 " - -
Lizulu 02127 -0.1535" 0.6659 -0.4310 " 0.4627 " -0.3535 "
Blantyre - - 0.7325 -0.5528 ~ - -
Luchenza 02970*  -0.2934" 0.7571 -0.5341" 0.3166 " -0.0979
Bangula 0.3418"  -0.1658 " 0.5560 -0.3488 0.0607 -0.1343 "
Beans: Blantyre Groundnuts: Blantyre
Dependent
Market b 8 by 8
Karonga 020047  -0.1994" 0.4784" -0.2994 ™
Mzuzu 024047  -0.3500 " 0.3165 " -0.2918
Nkhotakota 018247  -0.3169" 0.2878" -0.3009 ”
Lilongwe - - 0.3689 -0.3440 "
Lizulu 051877  -0.5025" 0.2189° -0.3212"
Blantyre - - - -
Luchenza 022187  -0.2557" 0.2767 -0.1853
Bangula 0.0819 -0.1045 " 0.2460 " -0.1427 "

Notes: ** significant at 1 percent level, * significant at 5 percent level, + significant at 10 percent

Source: Tables A1 - Ab5.
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Appendix

Figure A1l: Trends in nominal spatial prices for food crops
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Table A1 : ECM models and price transmission for maize prices with Blantyre prices as exogenous

Karonga Mzuzu Nkhotakota Lilongwe Lizuli Luchenza Bangula

Variables coeff p-v coeff p-v coeff p-v coeff p-v coeff p-v coeff p-v coeff p-v
constant 0.1118 0.006 0.1205 0.019 0.1831 0.000 0.1311 0.003 0.0848 0.087 0.1485 0.086 0.0289 0.617
ap), t-1 -0.2142 0.012 -0.1068 0.274 -0.0451 0.638 -0.0395 0.675 0.0057  0.955 -0.1043 0.322 0.0054 0.958
ap, t-2 -0.2227  0.005 -0.1301 0.183 -0.1709 0.063 -0.2733 0.002 0.1541 0.093 0.1036 0.332 0.0416 0.669
ap, t-3 - - - - - - - - - - - - -0.0695 0.463
ap, t-4 - - - - - - -0.1599 0.082 - - - - -0.0024 0.979
Q2 -0.2407  0.000 -0.0605 0.205 -0.1162 0.008 -0.3147  0.000 -0.1106 0.042 -0.0345 0.709 -0.0179 0.815
Q3 0.0435 0.250 -0.0361 0.433 0.0042 0.919 -0.1657  0.003 0.0436 0.424 0.1348 0.091 0.0666 0.352
Q4 0.0350 0.340 0.0377  0.392 -0.0054 0.891 -0.0443 0.360 0.0376 0.448 0.1303 0.093 0.0508 0.448
apl t 0.0173 0.817 0.1061 0.238 0.0105 0.895 0.3123 0.001 0.2127  0.034 0.2970 0.057 0.3418 0.013
ap), t-1 0.0951 0.216 0.1935 0.061 - - 0.1947  0.086 0.3002 0.009 0.0551 0.761 0.2726 0.077
ap), t2 - - 0.1123 0.234 - - 0.0067  0.948 0.0621 0.568 0.0253 0.874 0.0147 0923
ap), t-3 - - - - -0.0205 0.804 - - - - - - -0.1862 0.224
ap, t-4 -0.0994 0.149 - - -0.1362 0.100 - - - - - - -0.0734 0.608
ECT, t-1 -0.0516 0.247 -0.1210 0.035 -0.1688 0.004 -0.0902 0.075 -0.1535 0.012 -0.2934 0.000 -0.1658 0.007
R? 0.4645 0.2082 0.2460 0.4577 0.3537 0.2562 0.2227

F 10.119 0.000 3.127  0.002 3.807  0.000 8.777  0.000 6.508 0.000 4.019 0.000 2.226 0.013
N 115 117 115 115 117 115 115

Notes: coeffstands for coefficient and p-v stands for the probability of rejecting the null hypothesis that the coefficient is equal to zero, F is the F-test of the null hypothesis
that all coefficient are equal to zero.

28



Table A2 : ECM models and price transmission for rice prices with Karonga prices as exogenous

Mzuzu Nkhotakota Lilongwe Lizuli Blantyre Luchenza Bangula

Variables coeff p-v coeff p-v coeff p-v coeff p-v coeff p-v coeff p-v coeff p-v
constant 0.1886 0.005 0.0660 0.203 0.0092 0.879 -0.1648 0.004 0.0142 0.744 -0.0802 0.093 -0.1531 0.034
ap), t-1 -0.0633 0.585 -0.1189 0.203 -0.1378 0.229 -0.1433 0.041 -0.0037  0.970 0.0240 0.832 -0.0081 0.933
ap, t-2 -0.0448 0.641 - - -0.0069 0.950 - - -0.0275 0.704 0.1640 0.124 - -
ap, t-3 - - - - 0.0048 0.964 -0.0659 0.299 - - 0.1151 0.226 0.0357  0.697
ap, t-4 - - - - 0.0472 0.625 - - - - - - - -
Q2 -0.0508 0.513 0.0213 0.737 0.0037  0.955 0.0389 0.596 0.0503 0.398 0.1027  0.111 0.0213 0.816
Q3 0.0561 0.496 0.1091 0.104 0.2069 0.009 0.2358 0.002 0.1967  0.002 0.1856 0.009 0.2171 0.024
Q4 0.0025 0.973 0.0906 0.153 0.0644 0.334 0.1858 0.015 0.1613 0.008 0.1352 0.025 0.0103 0.909
aplt 0.7268 0.000 0.7143 0.000 0.7464 0.000 0.6659 0.000 0.7325 0.000 0.7571 0.000 0.5560 0.000
ap), t-1 -0.0177  0.907 0.0098 0.932 0.0257  0.853 - - -0.1736 0.088 -0.1024 0.429 0.0135 0.917
ap, t-2 0.0733 0.590 0.0056 0.949 0.0346 0.797 - - - - -0.0278 0.826 - -
ap), t-3 - - - - 0.0266 0.830 0.0983 0.348 - - - - 0.1052 0.388
ap, t-4 - - - - 0.0360 0.742 0.0769 0.415 0.1361 0.063 -0.1103 0.310 - -
ECT, t-1 -0.6620 0.000 -0.4321 0.000 -0.3310 0.001 -0.4310 0.000 -0.5528 0.000 -0.5341 0.000 -0.3488 0.000
R? 0.5107 0.5344 0.5445 0.4961 0.5569 0.5755 0.2822

F 12.409 0.000 15.493 0.000 9.286 0.000 11.486 0.000 14.662 0.000 12.695 0.000 4.630 0.000
N 117 117 115 115 115 115 116

Notes: coeffstands for coefficient and p-v stands for the probability of rejecting the null hypothesis that the coefficient is equal to zero, F is the F-test of the null hypothesis
that all coefficient are equal to zero.
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Table A3: ECM models and price transmission for beans prices with Lilongwe prices as exogenous

Karonga Mzuzu Nkhotakota Lizuli Luchenza Bangula

Variables coeff p-v coeff p-v coeff p-v coeff p-v coeff p-v coeff p-v
constant 0.0370 0.277 0.0264 0.363 0.0720 0.009 -0.0143 0.800 0.0343 0.570 -0.0754 0.100
aph, t-1 -0.1701 0.126 0.0141 0.866 -0.3499 0.001 -0.2423 0.097 -0.3879 0.001 0.0281 0.760
ap), t-2 -0.2184 0.034 -0.1773 0.050 -0.1970 0.037 -0.3067 0.015 -0.0633 0.532 0.0269 0.749
ap', t-3 -0.2169 0.023 - - - - -0.1263 0.226 - - -0.1862 0.022
ap, t-4 0.1558 0.112 - - - - - - - - - -
Q2 -0.0938 0.024 -0.0412 0.334 -0.0571 0.129 -0.1449 0.098 -0.0913 0.083 0.0315 0.434
Q3 -0.0606 0.107 -0.0060 0.875 -0.0640 0.073 0.0356 0.625 -0.1423 0.006 0.0215 0.590
Q4 -0.0637 0.068 0.0435 0.248 -0.0749 0.031 0.0068 0.923 -0.0111 0.810 0.0112 0.769
ap) t 0.2957 0.000 0.4043 0.000 0.2551 0.000 0.4627 0.002 0.3166 0.001 0.0607 0.414
ap, t-1 -0.0106 0.914 - - 0.0918 0.281 0.2778 0.094 0.0971 0.345 - -
ap), t-2 0.0304 0.743 0.0568 0.479 - - 0.1686 0.261 0.0220 0.811 0.0388 0.583
ap, t-3 -0.0319 0.715 -0.0605 0.415 - - - - - - - -
ap), t-4 -0.0113 0.877 - - 0.1327 0.062 -0.2360 0.088 - - 0.0967 0.183
ECT, t-1 -0.2538 0.002 -0.2445 0.000 -0.1929 0.008 -0.3535 0.008 -0.0979 0.138 -0.1343 0.004
R? 0.3783 0.3726 0.3029 0.3537 0.3015 0.1735

F 4.728 0.000 6.994 0.000 5.070 0.000 5.124 0.000 5.036 0.000 2.184 0.024
N 115 116 115 115 115 115

Notes: coeffstands for coefficient and p-v stands for the probability of rejecting the null hypothesis that the coefficient is equal to zero, F is the F-test of the null hypothesis
that all coefficient are equal to zero.
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Table A4: ECM models and price transmission for beans prices with Blantyre prices as exogenous

Karonga Mzuzu Nkhotakota Lizuli Luchenza Bangula

Variables coeff p-v coeff p-v coeff p-v coeff p-v coeff p-v coeff p-v
constant 0.0545 0.082 0.0676 0.049 0.0956 0.000 0.0106 0.838 -0.0655 0.239 -0.0399 0.266
ap), t-1 -0.1735 0.105 0.0937 0.337 -0.3135 0.001 -0.2096 0.086 -0.2961 0.003 - -
ap, t-2 -0.2135 0.039 -0.1050 0.240 -0.1762 0.053 -0.2753 0.023 - - - -
ap, t-3 -0.2332 0.015 -0.0838 0.348 - - -0.1852 0.096 0.0666 0.481 -0.2101 0.007
ap, t-4 0.1727 0.077 - - - - - - -0.0600 0.539 -0.0230 0.756
Q2 -0.0808 0.056 -0.0356 0.450 -0.0377 0.290 -0.1862 0.025 -0.0362 0.468 0.0176 0.643
Q3 -0.0297 0.444 0.0159 0.705 -0.0264 0.409 0.0799 0.242 -0.0640 0.196 0.0249 0.534
Q4 -0.0352 0.307 0.0740 0.056 -0.0479 0.130 0.0378 0.573 0.0241 0.601 0.0145 0.693
aplt 0.2004 0.001 0.2402 0.000 0.1824 0.001 0.5187 0.000 0.2218 0.006 0.0819 0.159
ap), t-1 0.0146 0.858 -0.1052 0.150 0.0389 0.600 - - -0.0593 0.453 - -
ap, t2 0.0368 0.625 - - 0.0294 0.617 0.0941 0.439 - - - -
ap), t-3 -0.0057 0.935 - - - - 0.0546 0.652 0.0826 0.254 0.0541 0.363
ap, t-4 0.0525 0.384 -0.0053 0.930 - - - - 0.0579 0.433 0.1150 0.065
ECT, t-1 -0.1994 0.006 -0.3500 0.000 -0.3169 0.000 -0.5025 0.000 -0.2557 0.003 -0.1045 0.004
R? 0.3342 0.3296 0.3708 0.3815 0.3152 0.1772

F 3.900 0.000 5.113 0.000 6.876 0.000 6.416 0.000 4.311 0.000 2512 0.012
N 115 115 115 115 115 115

Notes: coeffstands for coefficient and p-v stands for the probability of rejecting the null hypothesis that the coefficient is equal to zero, F is the F-test of the null hypothesis
that all coefficient are equal to zero.
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Table A5 : ECM models and price transmission for groundnuts prices with Blantyre prices as exogenous

Karonga Mzuzu Nkhotakota Lilongwe Lizuli Luchenza Bangula

Variables coeff p-v coeff p-v coeff p-v coeff p-v coeff p-v coeff p-v coeff p-v
constant 0.2491 0.000 0.2215 0.000 0.2985 0.000 0.0557  0.173 0.0102 0.865 -0.0818 0.095 -0.0642 0.213
ap), t-1 -0.1668 0.079 -0.1457  0.139 -0.2610 0.020 -0.0800 0.412 -0.1370 0.261 -0.3578 0.000 -0.2636 0.006
ap, t-2 - - -0.0686 0.484 0.0551 0.613 - - -0.0894 0.421 -0.0806 0.412 -0.0457  0.550
ap, t-3 -0.1367  0.101 - - -0.0850 0.371 -0.1427  0.110 -0.0653 0.537 -0.0364 0.693 - -
ap, t-4 -0.2504 0.004 -0.0918 0.300 - - -0.1431 0.093 0.1126 0.249 - - - -
Q2 -0.1719 0.007 -0.1183 0.095 -0.1264 0.085 -0.0743 0.166 -0.1589 0.025 0.0105 0.857 -0.0091 0.828
Q3 -0.1154 0.067 -0.1454 0.037 -0.1786 0.017 -0.0989 0.062 -0.0837  0.271 0.0071 0.903 -0.0125 0.763
Q4 -0.1109 0.070 -0.1052 0.109 -0.0949 0.174 -0.0912 0.080 0.0502 0.469 0.1255 0.033 -0.0520 0.212
apl t 0.4784 0.000 0.3165 0.003 0.2878 0.011 0.3689 0.000 0.2189 0.046 0.2767  0.003 0.2460 0.000
ap), t-1 0.2267  0.030 - - 0.1715 0.182 0.1293 0.192 -0.0144 0.915 0.1327  0.243 0.1487  0.059
ap, t2 - - 0.0869 0.420 0.0680 0.579 - - 0.0052 0.970 0.1865 0.078 0.0728 0.311
ap), t-3 - - - - 0.0724 0.541 0.0947  0.273 -0.1042 0.393 0.2320 0.021 - -
ap, t-4 0.2346 0.018 0.0987  0.339 - - - - -0.0002 0.999 - - - -
ECT, t-1 -0.2994 0.001 -0.2918 0.001 -0.3009 0.002 -0.3440 0.000 -0.3212 0.003 -0.1853 0.006 -0.1427  0.008
R? 0.4540 0.2927 0.3761 0.3916 0.3075 0.3486 0.2601

F 8.647  0.000 4.303 0.000 5.645 0.000 6.695 0.000 3.450 0.000 5.011 0.000 4.102 0.000
N 115 115 115 115 115 115 115

Notes: coeffstands for coefficient and p-v stands for the probability of rejecting the null hypothesis that the coefficient is equal to zero, F is the F-test of the null hypothesis
that all coefficient are equal to zero.
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