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Summaty findings

In this analytical sequel to A Typology of Foreign
' Exchange Auction Markets in Sub-Saharan Africa, Aron
and Elbadawi compare the micromanagement of '
different foreign exchange auctions in Sub—Saharan
Alrica.
Muld-unit auctions for forcign cxchangc were | -
introduced in a number of countries in the 1280s and -
1990s, in a wransitional step toward a credible, -
sustainable, unified regime, such as an efficient inverbank
mai cet. But there is litde understanding of how anction
markets function in Sub-Saharan Africa, and there has
~ been virtually no research on the causes of frequent
policy reversals or of auction failure. 7

- One possible cause of failure — apart from thin
markets, macroeconemic laxity, and vulnerability to
terms-of-trade shocks and fluctuations in the
disbursement of foreign aid — is the i mappropnate '
design and management of auctions.

Aron and Elbadawi estimate models for the
microdeterminants of the auction rate, using weekly data
on foreign exchange auctions for Ghana, Nigeria,
~ “Uganda, and Zambia. Among the policy lessons:

* Nigeria and Zambia failed to unify and stabilize the -
exchange rate partly because there was no reserve price

rule. When bidders learn snch a rule, speculative bidding
diminishes.

* The management of a crediblc, sustainable reserve
price policy requires an efficient second-ry market.
_ A simple underlying model, synthesized from the
theorerical literature on auctions, specifies the auction
rate as a function of fundamental variables and structural
shift dummies. The repeated, sequential nature of these
multi-unit auctions and the nonstationary nature of most
of the auction variables are captured empirically by a
cointegrated (error correction) framework.

In addition to consistently estimating long-run and
short-run parameters of auction fundamentals, the error
correction model allows asymptotically efficient testing

- of three policy hypotheses deriving from auction theory:

the competitiveness hypothesis, the effect of uncereainty
on the auction-determined rate, and the revenue-
eguivalence hypothesis.

~ In other words, they used these models to rest the
impact on the level of the auction rate of increased
competition among bidders, of the effect of uncertainty
(proxied by a volatile supply of foreign exchange), and of -
different pricing mechanisms (Dutch and marginal

' pncmg)
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1. INTRODUCTION

One of the most dramatic manifestations of the economic crisis that swept Sub-Saharan Africa
 since the second half of the 19705, has been the emergence and the subsequent expansion of parallel
- markets for foreign exchange Relative to other developing regions, the parallel premia and the size of E
: these markets have tended to be much larger in SSA {Kiguel and O’Connell, 1992). In fact the parallel
premium in most of the Sub-Saharan African countries constitutes a major economic signal reflecting
- policy incredibility, therefore influencing short-run as well as long-run economic decisions (e.g. Aron
and Elbadawi, 1992). It is by now widely accepted that unifying the exchange rates (official and parallel) -
and mtegraung the parallel market into the regular economy should be a major policy objective for
reforming African countries (e.g. Kiguel and O’Connell, 1992) Recent evidence, however, shows that
achxevmg exchange rate unification, and more xmportantly sustaining it, has been a rather elusive goal."
The received wisdom suggests that the "best" approach to unification raight be to start with nominal
devaluations and gradually liberalize foreign trade transactions - the pace of reform being set by the speed
and credibility of fiscal adjustment (Pinto, 1990). it is also important to emphasxze that unification is a2
complex process that may requu'e institutional chang&s as well as behavioral adjustments on the part of
i market participants (Agenor and Flood, 1992). '
During- the 1980s and 1990s, two types of flexible exchange rate regimes have been introduced

in SSA, with one important goal being the sustainable unification of multiple markets for foreign
. exchange. These are decentralised interbank markets in foreign exchange and the innovative use of
centralised foreign exchange auction markets.®> Auctions may have advamages over moving directly to
 interbank markets where there is insufficient institutional depthrt,o allow effective functioning of a
* decentralized foreign exchange market, where a few commercial banks have historically been dominant
and there is a danger of collusion, or where there are limited sources of foreign exchange (Quirck et al, '

1987, Krumm, 1985). The extent of macroeconomic imbalances (especially fiscal) that have prevailed in a

SSA, and the rudimentary nature of economic institutions (such as the banking system), provide a strong
case for a more gradualistic approach to exchange rate unification in SSA. Where auctions have proved

-1 The term unification in the SSA context refers to eradication of the parallel market. However, since these countries are
tikely to maintain capital controls in the medium term, there would remain a small role for the parallc] market in mecting
portfolio demand. Our concept of unification i in SSAisthusa substanualreducnon of the pamllcl market so that i is no longer
a major signal in the economy.

-Connmeswhnch haveusedmterbankmarkasmcludeZa:re TheGambla, SmLeone,Gham..Ugandamd ngma @in -
tandem w:ﬂxanaucnon) B :

" 3 Countries which have established various types of exchange rate auctions include Bolivia C985 omwards); Jamaica (1984; 7
89) 2nd African countrics, Ghana (1986-92), Nigeria (1986-94), Guinea (1986-), Zambiz (1985-87), Slerra Leone (1982-83), :
Uganda (1982-85 1992-93) and Ethiopia (1993-) )
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successful in SSA thelr prlmary role has been as a trans1tional medium towards a unified mterbank '
market’. : ' :
- Two types of mulu-unlt foreign exchange auctions have been employed in SSA ﬁrst retail
auctions, where the bidders are private and public sector importing firms, channelling integrated price-
quantity bids for foreign exchange through the non-competlng banks; and secondly, wholesale auctions,
. where the bldders are registered banks or foreign exchange dealers. In the latter case, there may either -
~ be a free secondary (importers’ ) market for foreign exchange, so that banks compete freely i in the auction;
or the banks may be restricted to submitting composite bids for foreign exchange which exactly cover
. importers’ (and possibly their owr) requirements ina strictly monitored secondary market. Two types
of pricing mechanisms have been used in these auctions. These are the discriminatory or Dutch auctions, -
where bidders pay their own price for each unit; and competitive auctions,r where bidders pay the lowest
accepted bid price for each unit. : " '
The experience with auctions in SSA has included some notable successes (e.g. auctions in Ghana
~and Uganda); but equally, other countries have experienced damaging speculative episodes and policy
reversals '(Nigeria and Zambia). The rather mixed outcome in these countries for unification and
 stabilisation of the exchange rate was discussed in Aron and Elbadawi (1994) The weekly evolution of
the auction rates is illustrated in Figure 1. Although auctions continue to be introduced (e.g. Ethiopia i in
1993), and despite the obvrous policy importance. the functioning of these markets and the causes of
policy reversals in SSA remains poorly understood. Apart from supply problems due to initial conditlons' _
of market thinness and vulnerability to terms of trade shocks and fluctuations in the disbursement of
- foreign aid, potennal causes of failure include macraeconomic laxity, inappropriate auction design and
poor micro-management of auctlons Itis generally accepted that a successful exchange rate reform
depends crucially on a stable macroeconomic environment. In the context of Sub-Saharan Afvica, the -
- decision to unify exchange rates essentially amounts to a commitment by the authorities to' shift the
nominal anchor from the exchange rate to the money supply. However, the micro-design features of a -
foreign exchange auction are more than merely a transmission mechanism for a sufficiently sustainable
macro-economic environment. This is because macro-credibility does not only require consrsnent policy
in terms of fundamentals (ﬁscal and monetary policy), but also depends cruciaily on agents responses
to their perceptions of government commitment to reform. Auction design through rules, procedures and
announcements can modify and direct the bidding behaviour of partrcrpatmg agents.

* In principle, auctions with limited entry restrictions could provide a viable, long-term, market-based exchange rate
arrangement. However in practice, the move to a decentralised interbank market has been favoured over retaining an avction
for a number of reasoas: the increased administrative requirements of a centralized auction systetn are costly; there is greater
- potential for government manipulation of the exchange rate or for ren-secking; there is a closer association of the government
to the politics of the exchange rate; 2nd furthermore, even with few entry restrictions, the transactions costs for auction
participants (particularly where donor money is being auctioned) create a wedge between the parallel and official market rates.
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~ Unfortunately there has been virtually no empirical research in this area: part of the reason being
that the analysis of sequentially repeated, multi-unit auctions presents snbstantiai theoretical and empirical -
difficulties. The aim of this paper is to build on an ea_riier instimtional and statistical papef on the SSA
-auctions (Aron and Elbadawi, 1994), and estimate models for the micro-determinants of the auction rate,
‘based on a simple underlying model synthesized from auction theoretical literature, using weekly foreign
' exchange auction data from four Sub-Saharan African countries, Zambla, Uganda Ghana and Nigeria.
The empirical section of this paper constitutes a novel approach to: empmcal modelling in auction
research: in the context of a ‘dynamic model for these reperted, sequential auctions, we employ more
recent econometric techniques of cointegration for efficier. hypothesis testing in the presence of the '
reglme shifts (structural breaks) which characterize these liberalization episodes in SSA.5 We use this
empirical model to evaluate some micro-economic design and management features of the forelgn |

exchange auctions through testing policy proposmons motivated by auction theory. We hope to shed some

~ light on the causes of success and failure of the auction regimes in SSA, and provide a few pohcy lessons
for improved design and conduct of auctions at the micro-level. : :

. 'This study is partly historical, but also has substantial current relevance. Two of the countries
we examined at the time of ar a:lalys:s had ongoing auctions (Nigeria and Uganda), auctions were introduced
- in Etiuopna in 1993 while more recently the questmn of mtroducmg an auction to disburse foreign aid

'has been mooted in Zambia.® Secondly, there is an increasing tendency to use auctions for the market- o

pricing of credit and import quotas in Latin American and Eastern European countries. This trend appears
to be moving to SSA, so that mzny of the lessons from the foreign exchange auctions, which take exphcnt
account of the structural characteristics of these countries, will be transferable. ,
, The structure of the paper is as follows. Section 2 discusses some analytical i issues and glv&s an.
outline of a benchmarlc model of the auctlon equilibrium selling rate. Data features and the empmcal
methodology are presented i in section 3. The model is estimated in section 4 and various hypothwes are.
tested to clarify policy questions, using weekly auction data from Ghana, ngena, Zambia and Uganda
Fmally, section 5 concludes with policy lessons from SSA.

5 Regime shifts and unit-roots are common features of these high frequency SSA data (Aron and Elbadawi, 1994).

5 Further, 2 number of Eastern Europan countries employ forexgn exchange auctions (e.g. Romania and Khazakstan) whm
su'ucmral characteristics may not be too different in some cases to SSA countries.



2. . THEORETICAL ISSUES

There is. cnrrently no singie theoretical auction model which adequately describes the equil ibrium
properties of the SSA foreign exchange auctions. A composine of a number of the existing models is
, probably required, and most of the restrictions that are imposed in standard models have to be relaxed.. '

- First, the forelgn exchange auctions are multi-unit auctions, which differ from conventlonal,
auctions in that bidders select both the price and the quantity of units they wish to buy at that prlce In
contrast to single-unit auctlons, the submnssnon of integrated price-quantity bids can involve strategic -
behavior on the part of firms, whose payoffs may be raised by downward quantxty ad_]ustment under
competitive, though not dlscnmmatwe pricing (Tenorio, 1991). _ ,

Second, the auctions are not one-shot isolated events, but repeated, sequenual aucuons Thus

they may embody interesting strategic dynamics and learnmg behavior, and many predictions from single
* auction models will not carry over to repeated ‘auctions (Bikhchandani, 1988). For example a &eception
effect may develop in sequential sales, where if the bidder knows his current bid will reveal information
about later sales he will have an incentive to underbid (Hausch, 1986). Sequentlal auctions may also
facilitate cooperative collusive behavior amongst bidders (applying the now familiar analysis of repeatedr
ol 1gopoly games). The i issue of commitment by the seller is lmportant in repeated auction games (McAfee
and McMillan, 1987), 50 that we mxght expect the credibility of the exchange rate liberalization to play
a major role. :
Third, and related to the above point, the foreign exchange auctions are not Jsolaxed events, but
rather determine an integral price for the whole economy, the exchange rate. The auctions will thus also
be influenced by a combination of macro-economic policies, exogenous shocks (such as TOT shocks), 7' '
and political-economic features (such as treatment of the large state-owned sector). ' ,

' Fourth, bidders may be risk-averse. This is because foreign exchange is a crucial input in often
hrghly 1mport—1ntens1ve production in SSA. Bidders face an uncertain supply of auctionable foreign
exchange, due to thin markets, TOT shocks and possibly politicai-economic factors; and also may be
~ uncertain about the commltment of the seller to a market-allocation, as opposed to the pnor manual

allocation, of forelgn exchange. ' :
7 ' Fifth, bidders may not be symmetric in these auctlons That is, they may fall into identifiable sub-
classes, so that instead of there being a single distribution from which bidders draw their valuations as
s usually assumed, there may be more than one disiribution. SSA impbrters constitute an oligopolistic
set, and unquestlonably some bidders are regarded as more credit-worthy. There may also be systematlc '
 production differences between multinational firms, the domestic private sector and public enterprises.
| Sixth, the number of bidders may not be exogenous. The foreign exchange auciions- typically
involve an alteration in the rules over time (for instance, as regards transactions costs, reserve pricing
rules, or information revelatlon), and it has been shown that different rules and formats can attract
different sets of bldders (e £. Samuelson 1990). '
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Seventh, the relevant value assumptions (the determinants of bidders’ payoffs) and distributional
“assumptions (the determinants of bidders’ beliefs about their eompetitors) probably imply a mix of the
two rather different frameworks comrhonly employed in auction models: the independent private values
(IPV)" and the common values (CV)* models. In the retail auctions, and in those wholesale auctions -
‘where purchase of forex is tied to restricted imports and may not be sold in a secondary market, the
 auctioned object is in effect a pi‘oxy for an imported, intermediate input for firms. The IPV component
is due to the different endowments and characteristics (see above) of the competing ﬁrms Since these are
multiple unit auctions, the dummshmg marginal utility of the intermediate good suggests that addll:lonal '
units of forex will also have dummshmg marginal utility for the firm. Further, where the exchange
- reform is expected to be short-lived, speculatlve behaviour will also depend on the privately observed
opportunity cost and endowments of bidders. A CV component may be injected, for msmce when public
information is used in makmg forecasts, resultmg in value-correlations; as well as in genume wholesale
auctions (where the banks are not merely a channel for importers’ blds), since the bidders’ values are then
lmked to those in a secondary market (bureaux or interbank). Further, the repeated nature of these

‘auctions means strategic behavnour among bidders is hkely, creating an mterdependenee of values while N

collusion, tacit or deliberate, may be facilitated.

A more general model has been developed which allows a bldder s value 10 depend on his tastes,
those of other bidders and of non-participants, and on unobserved characteristics of the auctioned object
(Milgrom and Weber, 1982). The model embodies private values and common values components, as
well as a degree of interdependenee (affiliation) amongst bidders’ valuations. Unfommately, ‘most auction -
 predictions stem from pure IPV or CV models, and are not worked out for the general model.

z1  Towards an Empirical Model of the ‘Clearing Auction Rate _
The predictions of auction theory depend centrally on the nature of the underlymg dlstributlon
~of bidders’ values of the auctloned object It is clear, therefore, that a theorencally—cons1stent empirical

" The IPV model combines asmmphons of private values with an mdependent distribution of b:ddm's values. Thus, bidders
~ values of the auctioned object are treated as subjective (differences amongst bidders are due to differences in taste), and while
* each bidder knows his own value with certainty, he will not know the values of other bidders. The [PV model will not be

applicable in auctions where there is a resale market depending on the tastes of others; nor where the object embodies certain
 discoverable but as yet unknown properties. The model would apply for the case of a firm bidding for inputs, where all the
~ characteristics of the input are known. Value differences will then be due only to such factors as differences in transport costs,
product mix, capacity and inventory considerations, opportunity cost and resource differences amongst the bidding firms. . '

% The CV model adopts the polar opposite of the private values hypothesis: the auctioned object has some true value which -
is common but unknown to all bidders. Each bidder independently estimates the true value of the auctioned object. If the bidders
are treated as having symmetric information, and their estimates are unbiased, these estimates will represent independent
drawings from a probablhty distribution with a mean equal 10 the true value. This model is typically applied in mineral rights
‘auctions, where there is considerable uncertainty about the true valuc of the mineral, and common value clements probably
dominate any pmrate value eomponents
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methodology that attempts to estimate structural ‘models.of auctions must involve as a first step the
estimation of the values distribution. However, even for the simpler auction models, where it may prove '
possible to ascertain the nature of the values distribution, there are considerable difficulties in estimating
structural econometric models derived from auction theory, given the extreme non-linearities and
numerical complexity. Recent work employs advanced econometric methods to surmount some of the '
empirical problems in. order to estimate structural models of auctions (e.g. Laffont et al, 11991; Laffont -

and Vuong, 1992; Paarsh, 1992; Gallant and Tauchex, 1992): Laffont et al (1991) use a simulation
approach to derive the econometric model directly from the underlymg theoretical model, first estimating

the distribution of private values held by bidders. These. methods are computationally feasible where the |

“equilibrium bid has an explicit form; but it is not clear that the method can be easily generahzed to more

complex auction systems. Where even a few resmct:ons of the simple model are relaxed, the differential
'equatlons do not have a closed-form solutlon. and the numerical solutions prove computatlonally
- excessive. Unsurprisingly, few empirical studxes have attempted to validate theoretical auction models,
and most test some implications of the theory using reduoed-form models. For instance, they might try. '
to explain bids in terms of a reserve price, the number of potentxal b.dders, characteristics of the -
auctioned object and charactensucs of bidders which affect the common dlstnbutlon of private values
(e.g. Hansen, 1985; Hendricks and Porter, 1988). ,

- Given the complex nature of the foreign exchange auctions that we examine in this paper, our
research approach will be to follow the past tradition in empirical work and estimate an unrestricted
reduced-form model. We then aim to test the predictions of a number of simpler auétion models, to see
if they apply in more general cases. In this section we posit a simple empirical model for the auction 7
clearing rate. We account for the auction fundamentals that have effects that can be signed a priori (e.g.
foreign exchange supply, the number of bidders and opportunity cost). Further, the model also allows
~ the testing of some propositions motivated by auction theory, such as the'equivalence of revenue-
generation under different auction formats, the effect of unéertainty on bid levels, and the effect of
increasing the pool of bidders (see section 2. 2) Being a reduced-form, our mode! does not offer a-

 structural mterpretatlon of the latter effects. In section 4, where we estimate and test the model, we draw

on the. received wisdom from auction theory, as well as the mstltutlonal features of the auctlons in
qu&stlon to provnde interpretation. ' '

' We begin by setting out the Harris and Raviv (1981) theory of Nash blddmg behawour for the
case where multiple units are sold in a smgle auction, and bidders can purchase at most one of these
units. Followmg Vuong and Laffont (1992), we consider the type of empirical model that emerges from
the solved-out equilibrium bidding strategies for both competitive and discriminatory pricing. We then
consider the suitability of this empirical model for the more general case of endogenous quantitj decisions
by bidders (bidders can purchase more than one unit of the good) and sequentially repeated auctions.

There are Q units of a homogeneous good to be sold. The market consists of N ) Q bidding
agents, who each compete for one unit of the good. Assume that bidding agent i, i=1,...,N places a



monetary value v, on & unit of the good, and that each v, is drawn with replacement from a distribution
with density function h and probability function H, where the support ofh is [O, v] . If bidder i Submits ,
a sealed bid b, which is accepted, then the monetary gain is v; - b;, with utility u (v, - by). It is assumed

thatu (0) = 0, that u () is increasing, concave and differentiable, and that the. utility of an unsuccessful .

bid is zero. Bids by = b(v) are assumed to be symmetric Nash equilibrium strategies.”
. These bids are arranged by the auctioneer in decreasing order of price. In the Harns and Ravw
model, the Q highest bidders in a competitive auction receive one unit each at the price of the Q+1th
- highest bid, Harris and Raviv (1981) show that under competitive bidding, the Nash equilibrium bidding
~ strategy for each bidder (whether risk neutral or risk averse) is to bid her true monetary value:-

bc(Vi)"'"Vi'l . S o . (1)

The co-‘petltlve prlce (clearmg rate) is then be (v,,_Q )= Vng. ,
~ In the discriminatory auction, the Q highest bidders pay the rate that they bid. Assume that
bidder i believes his competitors will bid according to the differentiable bidding function b, = b(v), for

jo#i, where by is increasing on [0, ¥] . Let « denote the inverse of b; Gie. 7 (b(v; ) = v;). The
probability that a bid b; will be accepted is the same as the probability that at least N-Q of the values

~ drawn by bidding agent i's competitors are below = (b,) = v, . This probab:htv F(x (b)), is given by
the distribution function of the (N-Q)th order statistic for a sample of size N-1 from the dlstnbutmn H:

' ~ (N-1) O v o 0- o
F(x (b)) = ( HOPM L [1-HW]?! h(v) d _ :
=) = e e [;71 O (1A Aoy dy @

The ith bidding agent then has to choose b; to maximise u (v; - b) F(r (b)), i.e. maximise the biddeffs
utility should the bid be accepted, multiplied by the probability that it will be accepted. Harris and Raviv
(1981) show that the Nash strategy emerging from the solution of the first order condition for thls
maximisation problem: ' ' '

%) = o5l * 4F O o - | @

*® The function b(v,) will beaNashequﬂxbnumbtdﬁmcuomffor everyn, b(v;) mmnnsesbldden sexpecteduulny gnren
mateveryod:erbldderjussd:esamesu-ategyb(v) ) ) :
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where Dn indicates risk neutrality under discriminatory pricing. Harris and Raviv also prove that where
all bidders are risk averse and have the same stﬂctly concave utlhty funetlon they wnll bid hugher than
- risk neutral bidders. : _
' " We now turn to :mphcatlons of these theoretnca.l results for the specification of a reduced-form
: empmeal model. The bid which is of spec1a1 interest to us in the context of the foreign exchange auctions
is the lowest accepted winning bid, which ‘was defined to be the clearing rate in all the Dutch and
competitive auctions in the four countries we cons:der and the rate on which the countries’ exchange
rates were closely brsed (Aron and Elbadaw:, 1994). In the foreign exchange auctions this is generally
the only bid observed by the researcher, while actual private values and their d:stnbutlon remain
unknown. The precedmg discussion showed that the solution for the bid of the N-Qth bidder under
competmve or discriminatory pricing, depends on the private value of the bxdder. the number of bidders,
the size of supply and the distribution of private values. The same theoretical determinants will apply
where the clearing rate is defined on the lowest accepted rather than the highest rejected bid. Following
Laffont and Vuong (1990), we observe that since equilibrium bids are functions of private values, which
are random by assumption, then observed bids for a single auction will also be random, and be uniquely
determined by the above theoretical determinants. When considering several auctions in an econometric
' investigation, account also has to be taken of the fact that the distribution of private values may depend
'~ on the heterogepeity of the auctioned object (e.g. different charactensncs of the object in dlfferent
‘auctions that are observed by all bidders). :
Based on these points, and in the auction -empirical tradition, we propose a sunple log-l meansed

reduced-form empmcal model for the clearing rate, for a series of mutually independent (no su-ateglc '
behaviour), multi-unit auctions where bndders bid for at most one unit of a homogeneous good:

T iml . i=l

where oer, is the log of the auction clearingr rate. The X; = [N, R,, Q,, Z] is a vector of variables in
logs including the number of bidders (N), a reservation price (R,) if one is used; the size of pre-
announced supply (Q,); as well as-the Z variables, which are variables reflecting the observable®
" characteristics of the auctioned object, and of the buyer side of the market, which may affect the
distribution of private values (Laffont et al, 1991). One important Z variable in the context of foreign
exchange auctions is the secondary market (black or bureaux) exehange rate, or ber. Whiie the resale of
auctioned foreign exchange in the secondary market was largely prohibited in these auctions, in the event
of the bid being unsuccessful, the bidder coold resort to the more expensive secondary market. The ber

'° The Z variables may be directly observable, or be variables over which bidders can form expectations.
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reflects the opportumty cost to bldders but is also a relevant indicator of macro-economic pohcy and |

credxblhty of reform (Aron and Elbadawi, 1992) The size of total demand (Q,) is another Z variable

which reflects the buyer side of the market. The dummy terms (DUM) reflect other qualitative auction
fundamentals or regime shifts, such as the auction type (competmve or Dutch) or policy intervention.
Note that the two auction types are not modelled separately as distinct processes, but the entire period
of auctions is considered with inclusion of a dummy term to reflect the timing of the auction regime
change; interactive terms between auction rate determmants and the auction dummy could also be -
" included. Finally, ¢ is a statlonary disturbance term. ' '

If we allow quantity choice to be endogemus (bidders speclfy both the desued number of units
~out of Q units and the price per unit in sealed bids), the maximisation of expected utlllty will yleld two
marginal conditions, for both the price and the quantity demanded. Quantity demanded can then be solved

for and substituted into the marginal price condition. While the functional form of the solution will be -
~ different to the single unit case, the determmants remain identical. Thus, the above emplncal specification
 for oer (equation (4)), smce it uses a log lmw form will also be applicable to the case of a multl-umt '

~ auction with endogenous quantity choice. The above reduced-form model also assumes a. series of
mutually independent auctions. The equlhbnum solutions for a repeated multi-unit auction are very
difficult to characterise, given the possmlhtm for lmmg by agents or strategic behavnour (c.g. Weber,
1983). We alm at least to model such dynamxc behav1our empirically, by employing unrestricted
dynamics in the reduced-form equation. This is discussed further in section 3.1. In the context of repeated
auctions, uncertainty may be induced in bidders by a volatile supply, whgre_ supply is preannounced but
‘only after the sealed bids have been collected. Thus a measure of the volatility of supply could be
included as a Z variable (see section 2.2). The expected signs of the fundamental variables are:- '

oer = F(N, Q,, Q;, ber, volatility(Q,))
<+) O H )

2.2 Policy hypothcses motivated by auctlon tlleory.

The first policy hypothesis concerns the choice of the auction pricing mechamsm One reason
given by policy-makers for their choice of a Dutch or discriminatory auction (where each ‘bidder pays his
~ own bid) over the competitive auction (where all bidders pay the marginal price) is the belief that Dutch -
prlcmg consututes a disincentive to devaluation, relative to the competitive auction. That is, equilibrium’
price ("revenue” to the aucuoneer) struck at a Dutch auction would be lower than, not equivalent to, the
equilibrium price in 2 competitive auction.™ There is no theoretical basis for this claim, and to date no

_ W There may be some confusion of nomenclature concerning the concept of "revenue equivalence” adopted in this paper. .
The term stems from auction theory and refers to the clearing price struck at a multi-unit auction for different types of auction.
The policy relevance of this concept is directed at the rate of depreciation of the exchange rate, and therefore relates to the
principal objective of exchange rate unification. This notion of gross revenue should be distinguished from the macro-economic
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robust evidence to support it for the case of foreign exchange auctions. Since the introduction of a Dutch
auction may introduce other undesirable features', it is important to test the veracity of the policy claim.

We will use an important result of auction theory, the revenue—equivalence theorem (Vickrey,
1961, 1962), whlch states that for a one-shot, smgle—umt auction, where bidders are risk-neutral and
symmetrlc, and bxdders (private) valuations are uncorrelated revenue generation is equwalent in.
competitive and dlscnmmatory auctions. This prediction has proved sensntlve,ro changes in the underlying -
, aSsumpﬁons. In the single-unit case-,for an IPV model, replacing the assumption of risk-neutrality with

risk-aversion [eads to erenuf--superiority of the discriminatory auction (Harris and Raviv, 1981)
Relaxmg the IPV assumptIon by allowing risk-neutral bidders to have affiliated values, Weber (1983)
shows that the competitive auction earns more revenue. However if risk-neutral bidders in an IPV
framework are not symmetnc (i e. there are observable dxfferences amongst their valuanons), the rankmg
is mdetermmate (Maskin and Rnley, 1985). If entry decisions are not exogenous, then different auction
' rules and formats can affect the set of bidder participants, and yleld different expected revenues (e.g.
Farstad et al, 1990); however, which types of auctions will revenue—dommate in the presence of multiple
" rule changes is not clear-cut. Finally, Robinson (1985) shows that revenue equivalence brmks down in
an IPV auction under bldder collusion. In this case the Dutch auctlon is revenue-dominant.

'The theory has focused on smgle—umt and one-shot IPV auctions. Engelbrecht-nggans (1988)
extends the theory for endogenous quantity decisions, and finds revenue-equivalence for a one-shot, IPV
auction where risk-neutral bidders submit full demand schedules, and each unit goes to the bidder who
values it most. Talnng mto account that lumpy bids (several units at the same price) are in practice more
usual than full demand schedules, Tenorio (1991) models endogenous quantity choxce for a one-shot
auction with risk neutral bidders. Revenue-superiority is mdetermmate in this model. '

Each of these models separately relaxes one or two assumptions of the Vickrey model, so that
- it is not clear which result would obtain under the relevant assumpl:lom for foreign exchange auctions. '

Further, it is important to note that there is no theoretical result concerning revenue-equivalence in the
| repeated multi-unit case. Interpretation of our empirical results on revenue-equivalence in Dutch and
competitive auctions will therefore draw on the si s.mpler models, and consider the relative 1mpor.ance of
the various assumptlons for the countries in question. '

oonoeptof net revenue aocnlmg to the government as a net buyer/seller of fomgn exchange (which we will examine in futnre
work). : :

2 Potential disadvanmages to Dutch pricing are first, ifthereisolargesprendbetweenbids,thismey.beconsu'uedas -

' constituting a multiple exchange rate system, with the attendant disadvantages (Quirck, 1987); and secondly, a smaller pool of 7

bidders may ensue because the Dutch auction introduces a barrier to entry for risk-averse bidders who are poorly informed about -
market developmmts'(Goldstein, 1962). Theory predicts that Dutch pricing lessens collusion (Robinson, 1985); but some authors
are of the view that through a narrower range of bidders, Dutch pricing may also encourage collusion (Quirck et al, 1987).
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Tae second policy hypothesis concerns the volatility of the num'ber of multiple units offered for
sale in sequential auctions. Policy-makers have implicated the volatility of supply in auction failure
_through increasing exchange rate instability. Supply to the SSA foreign exchange auctions was largely
due to foreign aid and commodity export receipts. Both these components are vulnerable to shocks: aid
~ may be suddenly withdrawn; while exportrconceritration in primary commodities is \fery high in SSA,
and is subject to terms of trade swings, droughts and other shocks.” Arguably,rshort-tenn volatility
- should be less important for investors than uncertainty about sustained Supply in the medium-term. The
perception that supply is unsustainable would damage the credibility of the exchange reform, and induce
- speculative activity, manifested in both price and allocation. The price is likely to overshoot a realistic
 rate, and the premium rise to reflect incredibility; the use of funds would be skewed towards durable
goods or inventories (Calvo, 1987). 14 There may thus be 1mportant implications concermng the role of
. donor aid to ensure a sustainable supply in the interim." ' ' '
If bidders in repeated multi-unit auctions are risk averse, and are confronted with uncermnty in
the form of a supply of units that may be hlghly volaule from week to week (where supply is pre-
-announced, but only after submission of all the sealed bids), theory suggests that this risk aversion will
operate to the seller’s advantage (Harris and Raviv, 1981). Marginally i increasing the bid increases the
probability of that bid being successful, even if profits are lowered for the bidder. Thus, controlling for
auction type, we will test if increased supply volanllty (proxying for increased: uncertamty) induces a risk-
premium on the blds ‘resulting in upward prmsure on the equilibrium exchange rate.
The third and final policy hypothesis relates to competxtmn in the foreign exchange auctions. On

two of the four countries we examine the auctions were broadened over time, relaxing eptry restrictions

to allow more types bidders to partlc1pate and making more items ehgxble for import with winning bids.
In the other countries, the opposite occurred, inducing perceptions of the incredibility of the exchange
rate reform, and speculative bidding. The reimposition of tighter restrictions in these countries wasr
apparently in order to stem the moxfe rapid increase in the auction rate (exchange rate depreciation).
We hope to test an auction-theoretic result to show that increasing the number of bidders increases
" the revenue on average of the seller (Harris and Raviv, 1981). Obviously the pattern of the increase will

1 Furthemoré, w'pply'oould'be well i:elow export earnings since auctionable funds were frequently decided after satisfying-
the requirements of the government and public enterprises outside the auction. For instance, auctionsble funds as a proportion
of total inflows for Zambia and Uganda in the l9805wereesdmaﬁedmbcaslow as 25 per ceat (Quirck et al, 1987).

* There is evidence lmlcmg such speculative consequencesvndi low credibility in the Zambian auction (Aron and Elbadawi,
1992; Bates and Collier, 1992).

5 Itis possible that these aucﬁons experienced official intervention through supply mamipulation to prevent exchange rate
depreciation, or attain other objectives. This does not prove a problem for our estimations in section 4, because empirical models
with constant parameterizations despite structural change (Table 2) exhibit super exogeneity, which implies weak exogencuy
thereby sustaining valid statistical inference (sec Gilbert, 1986). However, our fature research will examine more closely the
potential prwence of supply policy and other implicit rules.



-12-

depend on the type of “auction, the characteristics of the auctioned object, and firm and industry
characteristics (Brannman et al, 1987). Some auction models have clear predictions for the relationship

between winning bids and the number of bidders. It may be less predictable for other types of auctions, -
 particularly under risk-aversion, correlated values and uncertainty concerning the value of the aucuoned
object.

3. DATA AND EMPIRICAL METHODOLOGY.

" There has been very little empirical work on foreign exchange auctions in Sub-Saharan Africa.

- Apart from policy-based surveys (e.g. Krumm, 1985; Quirck et al, 1987; Roberts, 1989), only the

Zambian auctions appear to have been studied in any detail (e.g. Tenorio, 1993; Bates and Collier, 1993;
Aron and Elbadawi, 1992). To the best of our knowledge, the only micro-economic research on the SSA
auctions motivated by auction theory is due to Tenorio (1993), who tested for the revenue—eqmvalence :
- of the two types of auction which appwed consecutively in the elghteen month Zambian experiment. In
general there have been no controlled experiments on foreign exchange auctions using generated data, _
nor have the dynamic features of repeated auctions been studied. ,
Yet, there is enormous scope for research on foreign exchange auctions in- SSA both in
' comparanve time-series and cross-sectional pauel data studies. The SSA case-studies present a wide
spectrum of auction designs and outcomes for cross-country comparisons. In a number of countries,
different auction types follow consecutively, allowing within-country compérisons of auction design. For
‘a few countries the data set includes detailed individual ‘bidder data for each auction; this allows an
analysis of allocation, of dynamic features such as learning and strategic behavior across auctions, and
the determination of the distribution of actual bidder values. F inally, weekly parallel data is available for
most of the countries, so that the progress of unification can be followed throughout the transmonal
auction phase '
| A description of our data set is contamed in Aron and Elbadawi (1994). The paper discusses
design characteristics for the Zambian, Ugandan, Ghanaian and Nigerian auctions, which are summanzed
- in its Table 1. In Table 2 of that paper, basic statistics are given for the auction data, according to auction
regimes, and these statlstlcs, as well as a number of measures of non—normahty of the data (skewness and
' kurtosm), dlscussed in detall '

 3.1. Cointegration Modelling in Repeated, Sequential Auctions

" The analysis of the individual time series pfoperties of the auction markets’ pivotal variables, such
as the level and variance of the selling price (exchange rate), the black market prémium, and the .
,demandlsupply of foreign exchange, shows that the time seriesistmctur&s of th@ high frequency - '
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variables are non-stationary (i.e. with infinite variances at the limit)"® and are dominated by structural
breaks and regime shifts (see Aron and Elbadawi, 1994). This finding has nmportant implications i in its
own right; for example, shocks to the auction variables tend to have hlgh persistence. However, non-
stationarity has profound effects on the econometric modelling and estimation of the behavioral theoretical -
- specification suggested by auction theory (see section 2.1 above). When all or some of the variables
involved in an econometrically estimable relationship, such as the one suggested for the auction rate, are
non-stationary, it is important to guard against spurious regressions (Granger and Newbold, 1974).
‘However, the equilibrium rélationship between a number of non-stationary variables can be ,e:_tpresSed in
a stationary model if a linear combination of these variables can be found to be stationary (termed a
| comtegratmg vector) 17 The Granger—Engle Representation theorem (Engle and Granger, 1987) states
that if series are cointegrated they can be consistently represented by an error correction mechanism
(ECM), which captures the short-run dynamics of adjustment towards a long-run equilibrium relationship.
The attractiveness of this approach for our work is that we can model the weekly dynamics in repeated '
anctions wnth non—stauonary auction vanables and follow the ad]ustment to umﬁed markets in the long-
run. - . ,
' 7 ' 'l‘herefore, Vto be able to ascribe any behavioural interpretations to the estimated ecdnomic
relationship, it is important to test for cointegration in the regression speciﬁcation,'in addition to the
preliminary stationarity tests on individual variables. However, a challenge is presented here in a
common phenomenon in SSA countries of frequent, and often drastic, structural breaks in the series.
Recent work has shown that tests that do not account for structural breaks may erroneously find non- -
stationarity (e.g. Perron, 1989; Hendry and Ericsson, 1993). Perron (1989) assumes the timing of the
regime shifts to be known, while the others cited above offer tests of a unit root that also determine the

16 Formally, ket 'y, = TD, + Z, be an economic scries composed of a deterministic trend TD, andasmcimsticcomponent.
For simplicity assume that Z, can be described by an autoregressive-moving average process:
A(L)Z, = B(L) &, where A(L) and B(L) are polynomials in the lag operator L and ¢, is a sequence of i.i.d. innovations. The'
noise function Z, is assumed to have mean zero, the moving average polynomial is also assumed to have roots strictly outside
- the unit circle. Then Z, has a unit root if A{L} has one unit root and all other roots strictly outside the unit circle. In this case
(1-L)Z, = AZ, is a stationary process and (1-L)y, = Ay, is stationary around a fixed mean. If on the other hand A(L) has all
its roots outside the unit circle, then Z, is a stationary process and y, is stationary around a trend.

" The idea of cointegration basically states that even though individual series may have a unit root, there may exist various
linear combinations of variables which are stationary. Stated more formally in the context of the definition of the above
footnote, let the n-vector y, be composed of (y,, ... ¥,), where y, is defined as in the footnote above. Then y, is said to be
cointegrated if there exists at least one n-element vector 8 such that By, is trend stationary. This is a milder definition of
cointegration (Campbell and Perron, 1991), which is more suited to analysis of economic data since it permits the inclusion of
- deterministic components (such asﬂ'endsandsuucmralbﬂnkdum:mes)md:ecmntcgnhonmodelalongmth othernon- )
stauona.ry stochastic variables.
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timing of the structural breaks. In our case, since we have precise information about the st_ructural breaks,
- we opted for using Perron methodology, given its simplicity.'® '

Figure 1 shows fitted trends with one-shot intercept and/or slope changes for at least two clwly
'ldentlﬁed regimes in the auction exchange rate series for the cases of Zambia, Uganda, and Nigeria. 7
Three distinct regimes can be identified for Ghana. The results of the tests, and the models of structural
breaks corresponding to the fitted trends, are shown in Table 1, together with the critical values
employed. The table reveals the presence of consnderable non-stationarity and regime- shifts for most of
the auction data from the four countries even when structural breaks were taken into account. This is _
unsurprising in view of the stylised facts which emphasxse rule changes, the non—normahty of auction data
and the importance of anticipations of policy changes. :

o Besides generating consistent estimates of the ecomomic parameters 1mphed by a model
* specification such as in section 2.1, the other main objective of our econometric methodology is to test
some policy propositions suggested by auction theory (see section 2.2). This requires that the eqililibriun:i
model should be estimated asymptotically efficiently, Cointegration readily guarantees consistent (in fact
super-consxstent) estimation for the equilibrium parameters using a simple OLS regression (sec Engle and 7
~ Granger, 1987)." Unfortunately, the simple comtegranon regression usually produces subswntlally
inefficient asymptxmc &st:mators (Phillips and Loretan, 1991). Given our interest in generating
,asymptmcally efficient pomtwnse estimators with smaller margins of errors around the true equlhbnum '
parameters, the direct comtegrauon estimation will not be adequate for the problem athand. Phillips and -
Loretan propose a modified ECM that can be used to obtain asymptotically efficient estimation of long-
“run equilibria in models with stochastic trends. Subscribing to the above empirical paradigm, we will'
model the dynamic behavior of the auction variables with a smgle—equatlon error correction model
(ECM), with leads and lags in the differences of the regressors, and which includes structural break
dummy variables. This type of model will be estimated by non-linear OLS, and is recommended by
Phillips and Loretan (1991) for hypothws testing.? The form of the modified one-step ECM regression
equatlon is as follows:

¥ Perron (1989) computed critical values for a Dickey-Fuller and Augmented Dickey-Fuller tests that include two types of
structural breaks: one causing a shift in the intercept, and the other a change in the slope. A key assumption of the Perron test
" is that these shocks are exogenous and are not a realization of the underlying data generating mechanism. Furthermore, his test -
requires d)attbennung of the shocks be kmown. In our case both of these two conditions apply {Aron and Elbadawi, 1994, Table

.

19 The justification for cointegralion given the short span of high frequency (weekly) data may be somewhat pmblemaﬁci
ideally the requirement for non-stationarity tests to be valid is both long time series data and high frequency data. However,
the span of our data is comparable with that commonly analysed in stock market and forelgn exchange settings (e.g. Froot and
Obstfeld, 1991 and references cited therein).

'™ Phillips and Loretan (1991) evaluate various empirical Mmhm co-integrating relationships, and show that
. single equation ECM models are efficient asymptotic estimators of long-run equilibrium relationships when formulated non-
linearly through the explicit inclusion of lagged equilibria, and incorporating leads and lags of differenced regressors.
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where, ] 1s a stat:onary disturbance term, A is the difference operator, and f(F) is the log—lmeanzed'
specxﬁcatlon of equatlon (4) above, giving the determinants of the auction clearing rate.

‘4. ESTIMATION AND HYPOTHESIS TESTING.

This section estimates model (5) above for the micro-determinants of the auction rate. After a-
discussion of model diagncstics, and ascertaiaing that the model is broadly corroborated by data from the
four countries, three hypothes:s motivated by auction theory which have policy implications, will be
tested. The testmg will involve the revenue equwalence and competitiveness hypotheses, and also
whether mcrmsed uncertamty (proxied by supply volauhty) induces a rlsk premium on bnds

41  Evaluating the static and dynmmc features of the estimations.

Given the charactenstlcs of auction data (non-stationarity and regime- shifts) and the repeated,
sequential nature of foreign exchange auctions in SSA, we argued in section 3 on the empirical '
methodology for an ECM estimating framework. The ECM framework accounts for the dynamics in
- weekly repeated auctions, while permitting estimation of the adjustment path towards a unified
equilibrium rate in the long-run. Furthermore, the expanded non-linear version of the ECM suggested
by Phillips and Loretan (op. cit), which we will employ here, provides asymptotically efficient estimators
~ for the parameters of equation (5), suitable for hypothesis testing. The empirical model is stated below.

2

alogloer), = 7, [ &% + @ 108(Qs), + e 10g(Qd), + o Iog(bidd),, + &, MAV (alog(gs).,

+ ajlog(ben),, + & DUMDutch + & DI + 8, D2 + 5, D3 - log oer,,]

2 For_expositicnal purposes ohlx, the ECM is presented in a restricted form {two error terms, one lead and two lags), but
in the estimation more general lag/lead structures were considered. For a full exposition of the fonn and properties of the non-
linear single equation ECM employed here, see Phillips and Loritan (op. cit. )
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+ ¥ e + o log(Qs) + aylog(Qd),, + aaloz(bidt).;; + o, MAV (alog(qs)).
+ odogben,, + & DUMDutch + & D1 + & D2 + 8, D3 - log ogr,,I]
+ Balog(Q9), + B:010g(Qs),; + Bralog(Qs), + Bialog(Qs)y |
+ Balog(Qa), + Falog(Qdh, + BrlogQaa + Bualog(Qhe
+ Byalog(ben), + Balogber), + Byaloglberky + Brpaloglberk
+ B,,Alég(bidt)‘ + ﬁ,‘aidg(bidt)t_, + B,salog(bidt),, + B,Galog@idt)|+, ) 6

7 The _vai'iables are as defined in equation (5) above, where oer is the auction rate; Q, and Q,
are, respectively, actual foreign exchange supplied and total foreign exchange demanded®; bidt is”
~ number of total bids’-"; ber is the bureaux or the parallel market exchange rate (the opportunity cost of
* holding foreign exhange); MAV(Alog gs) is the moving average of the monthly variance (3, t, ty, t)
of the rate of change in rfbreign exchange supply, reflecting supply variability.* DUMDutch is a
dumray for the Dutch auction, and D1, D2 and D3 stand for regime shift dummies (defined in section
4.1). The first two bracketed terms give the first and second lagged equilibrium error (the long-run'
coefficients are the same). The remaining differenced lagged and lead terms represent the transitory
dynamlc effects on the auction rate. The ethbnum error represent the dynamic effects on the current

auction rate of previous periods’ deparmm from equilibrium. For example for a lagged positive - B

equilibrium error (i.e a more deprecmted equilibrium rate than the actual in the previous penod), the
fundamentals will call for an auction rate increase (depreciation) i in the current period.

, .- We employed general-to-specific modelling (e.g. see Gilbert, 1986) when estimating the non-
- Jinear empiricai equation, and the results for the four countries are shown in Table 2. The results broadly
corroborate the predictions of the theory, in that long-run (static) determinants of the auction rate have
theoretically consistent and statistically significant effects. The data lend strong support to the ECM,

2ltis possiblemdae quantity demanded is collinear with the number of bids, and where there is learning through the use
of a reserve price or pre-announced supply, also the quantity supplied. Under non-stationarity and co-integration, however, these
forms of endogeneity should not constitute a problem for consistent OLS estimation of the parameters of interest, given the
super-consxstency of the OLS estimator (secnon 0. , ,

B A positive relationship is indicated by auction theory beiween thc number of bidders and the auction rate (Brannman et
al, 1987). Given that these are integrated pnce and quanuly bids, total demand may be a better demand indicator than the
number of bids (Tenorio, 1993). 7

 Variance is not defined for non-stationary variables. Given the departure from normalny (skewness and excess kurtosis)
found to characterize auction data (Aron and Elbadawi (1994), skewness and excess kurtosis measures were included in our
general equstions, as further proxies for foreign exchange supply uncertainty (these were not found to-be significant).
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where the equilibrium error term in all equations is highly significant, positive and less than one.
Further, 'the estimates also show substantial influence on the short-run evolution of the auction rate of ,
transitory changes in auction fundamentals. Also other diagnostic indicators show that the estimated
models are statistically correct (e.g. in the sense of Hendry - see Gilbert (1986)),” hence they can be -

- used to test economlc propositions. Before considering some theoretical hypotheses we turn to the brief

description of the estimates on the effect due to the basic determinants (Qs, Qd, ber).
Table 2 contains two equations for each country. In addition to the variables estimated in
equatlon 1, the second equation also considers foreign exchange supply varlablhty The coefﬁ cient of
' the errar-correction term in the Nigeria equation is the highest at about 0.6 and is highly significant. The
error-correction effects for the other three countries are also statistically significant, but their numerical
values are much smaller: 0.08 for Zambia, 0.07 for Ugandai' and 0.02 for Ghana. This implies that
adjustment towards equilibrium was relatively fast in Nigeria and rather slow for the others, especially
Ghana. To eliminate 9% of an exogenous shock to the auction ratethro'ugh automatic adjustment
alone,™ it takes only 4 weeks in Nigeria, compared to 26 for Zambia, 30 for Uganda and 120 for
* Ghana. This result agrees very closely with a Cochrane (1988) type analysis of persistence on the auction
rate series (see Aron and Elbadawi, 1994). This analys:s showed that the share of the random walk
component in the total variance of the rate of change in the auction rate, while large for all four
countrie;s, is noticeably smaller for Nigeria, and to some extent, Zambia. The rate of convergence also
started rather more rapidly in these two countries. This finding is consistent with the use of a stochastic
reserve price” in Ghana and Uganda, as opposed to the frequent and direct policy interventions that
characterized the Zambian, and especially the Nigerian auctions (Figure 1)

We now consider the parameter estimates of the long-run economic eqmllbnum or comtegrated
relationship. Foreign exchange supply and demand are two conventlonal determinants of the auction rate,
that are robustly estimated to have theoretically consistent signs: a sustainable mcrease in supply
(demand) should reduce (increase) the equilibrium auction rate. The estimated coefficients are highly

B Stability tests (Chow tests) found parameter stability for Zambia, Nigeria and Uganda (Table 2). The Ghana equation
marginally failed the F test (at the 1 per cent level), sugpesting that the relationship modelled altered over the sample period.
This result was unsurprising given the length of the data series (270 anctions over six years), and reinforces the authors’ opinion

_that the retail and wholesale auctions should be modelled separately in future research. The stability results are further reinforced
by the comparative nature of the analysis, in that similar parameter estimates were obtained for the four countries. Note that
parameter stability implies super exogencity, itself implying weak exogeneity, necessary for valid statistical inference. More
" formally, out-of-sample forecast properties should be examined well. However, the prevalence of structural regzme shifts in these
high ﬁ-equency data makes forecasting very problcmanc :

% The number of weeks to clear 100% of an exogenous shock through automatic adjustment alone can be computed from
the formula: (1 - &) = (1 - )", where - is the coefficient of the equxhbnum error term and T is the number of weeks. This
formula can be oblmned by manipulating the error-correction specification in (3).

T The reserve prices closely follow the evolution of the bureaux or para.llel rates in Ghana and Ugandz which are shown

- tobe l(l) series (Table 1).
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significant for the case Ghana and Uganda, but only moderately so in the other two cases (at about 10
percent significance level).* Another cdnvemion'al effect is the opportunity cost of foreign exchange,
proxied here by the bureaux {or parallel market) rate. Aside from its role as an opportunity cost, in the
~ context of foreign exchange auctions in SSA, the black /bureaux rate is a relevant indication of macro-
economic policy and credibility, and is closely linked to macro indicators such as mohey supply growth
and inflation (Aron & Elbadawi, 1993). In all of the four countries this variable has a highly significant
and posmve estimated coefficient. The estimated elasticity is quite high in Ghana (0.7) and Zambia
(0.76), compared to the rather moderate effects estimated for Nigeria (0.21) and Uganda (0.28). One
possible explanation for this dichotomy is the degree of competitiveneés in these two sets of auctions.
In Ghana (for 174/270 auctions) and Zambia, the bidders are a large number of importers; while in the.
other two countries there are a limited number of banks'bidding (even though the Ugandan auction is
indirectly a retail auction). Arguably in the first case the burmux/parallel rate is an important signal, and
collusion plays no major role; hence the appreciable coefficient estimated for the black/bureaux effect.”
Three further potential determinants of the long-run auction rate are: auction type (Dutch pricing
vs. competitive), the number of bids and foreign exchange supply variability. The effects due to these
three variables provide the pretext for testing three ,hypothesés motivated by auction theory, with
important policy implications. The Dutch auction (coefficient of DUMDutch) is found to have had
significant effects in both of Nigeria and Zambia, albeit w‘.th different signs. As predicted by theory the
" pumber of bids has a positive elzisticity (Nigerian equation)—confirming that increased competition' leads
to an auction rate depreciation. Finally supply ‘variability was not found to be relevant to the
determination of the auction rate. The interpretation of these results and dlscussmns of the hypotheses
are provided in the following sub-section. ' ,
A number of dummies relating to rules affectmg bidder pamclpatmn were found to be sngmﬁcanl: '
For Nigeria two auction policy interventions are estimated to have effected a structural Shlﬁ in the long-
-run auction rate. In auctions 22 and 23, after an announcement concemmg tlghtened entry restrictions,
major dlsquallﬁcatlons of bids occurred (D2); and in auctlons 60-65 various banks were barred from "
pamelpatmg in the auctions for the same reason; also tighter ceilings on allowable forelgn exchange,
.purchases were introduced (D3). As expected the direct effects of these interventions should be to reduce
competmon, but perhaps more importantly the credibility of the auction regime itself may have been ,
_adversely affected as a result. Further, it is likely that adjustment had taken place already in the auction

- rate prior to the time the pre-announced measure was effected. Hence it is not surprising to find highly -

significant and positive effects for both of D2 and D3. In Zambia,' auction 41 saw the institution of

. 3 Given the extent of policy intervention and disqualifications in ngem and Zambia, it is likely that the auctions exhibit
- rather s:gmﬁcant depa.rturcs from the compeuuve -model. .

* Thus the hypothesis of homogenelty can bc accepued for Ghana and Zambla (| e. a change in the umts of measurement
of the exchange rate will not affect the long-run solution). :
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stringent documentation requirements, and heavy disqualiﬁcations occurred in that week,"captured iby
dummy D2: the reduced demand saw a sharp fall in the auction rate. Another policy intervention causing
a strucwral shift in the long-run rate was estimated for Uganda. Starting from auction 21, the
disbursement of foreign exchange was changed to cash basis rather than a guarantee basis. This change
improw)ed the efficiency of the auction by reducing transaction costs and hence encouraged participation
Gy drawmg agents who would otherwise may prefer to purchase foreign exchange at the more expensive
but efficient bureaux de change).® '
Finally, we briefly review the evidence on the short-run influences on the auction rate.® In all

of the four regressions, the bureaux (parallel) rate has a significant and positive impact elasticity, in
agreement with their estimated long-run effects. 2 In Nigeria, Zambia and Ghana, foreign exchange
supply (and demand) have (pet) negative (positive) short-run | impact elasncmec again consistent with their
long-run effects. In Uganda the short-run effects of these two variables are estimated SIgmﬁcantly, but
with opposite signs to their corresponding long-run elasticities. Also, surprisingly, in the Nigerian
regression, an expected increase in the number of bidders (Alog(bidt)m)was estimated to have a negative
effect on the current auction rate. :

- However, a possible explanation for the expected forelgn exchange supply i increase in Uganda,
- Ghana and Nigeria, and the rise in the expecied number of bidders in Nigeria, and the expected foreign '
exchange demand in Ghana, may be due to a reverse causality between these variables and the rate of
depreciation in the auction rate (left-hand side variable). Thus, current depreciation by incrming the cost
~ of bids may have reduced the expected number of bids in ngena, with regard to foreign exchange ,
supply, the authorities may be responding to current auction rate depret:latmn by increasing future foreign
exchange supply to accommodate the liberalisation of entry restrlcuonS' ﬁnally, decreased future demand
by bidders may follow for the same reason as for the case of the number of bids. | ' '

4.2 Testmg policy hypothwes

Three policy hypotheses motivated by auction theory were mtroduced in sectlon 2.2. The first
policy hypothesis is the revenue equivalence hypothesis, which could be tested for Nigeria and Zambia,
since competitive and Dutch auction regimes follow consecutively in each case (Figure 1). The equations
-are shown in Table 2, where the short-run dynamics of the repeated auctions are modeiled, and -
perceptions of changes in reform credibility are captured by including the black market rate as regressor.

® Efforts to capnlrethe eﬂ'ects ofprogrecswephassofunporthber:hsauonand deemsedmn'y requlrememsmGhana
gdumnues did not prove successful, due to smgulanty of the data.

3 It is important to note thatthc Phillrps andLormn (1991) methodology is concerned with efficient estimation and i
hypothesis testing in long-run economic equilibria; short-run dynnmics may not be readily ime:prmble.

. ® Expecred depreciation in the bureax (parallel) rate (AIog(ber},,) was esnma:ed to have a negative impact eﬂ'ect of the
current auction rate. The overall net short-run effect of the bureaux rate is sull positive, however.
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We include in f (F) in the ECM model (5) of Section 4.1, a dummy variable which captures the éhange
in auction regime (DUMdutch is equal to 0 for the competitive,auctibns and to 1 for the discriminatory
‘auctions). Referring to the empirical specification, the null hypothesis for revenue equivalence is then
H.: 8, = O in the long-run equilibrium term of the empirical specification (equation (6)).® The test
compares the average level of the clearing price of a series of competitive auctions with the average
clearing price of a set of discriminatory auctions. If revenue equivalence holds, the dummy variable
indicating the change of regime is not expected to be significant. If the dummy is significant and positive
this indicates that the Dutch auction is revenue-superior. If the dummy is significant and negative this
indicates that the competitive auction is revenue-superior. We consider that this method of testing for
‘revenue equivalence improves on an earlier analy51s of this question for the forelgn exchange auction in

Zambia. >
As discussed in section 4.1, the DUMdutch dummxes are sngmﬁcant for both Zambia® and

o ngena indicating that revenue-equivalence does not obtain in these repeated, multi-unit auctions. For -

Nigeria, the Dutch auction is revenue-superior, while in Zambia, the competitive auction dominates.
There are no theoreucal results for revenue equivalence in repeated, multi-unit auctions. The lmportant .
result here is that a dynamlc empnncal framework for repeated multi-unit auctions in two different -
countries found departures from revenue equivalence depending on the relevance of underlymg
assumptions on bidder valuations, risk-aversion and compentwen&ss. The theory (section 2.2) suggests -
that affiliation of bidders’ values may explain the results in Zambia: bids were published for most of the
auction, and this public information would have figured in bidders’ exchange rate forecasts. For Nigeria’s
wholesale auction, controlling for the number of bids and rules affecting bidder participation, it appears
that collusive behaviour by the small number of banks, largely state-owned, counld explain the result of
- Dutch-dominance. High risk-aversion is not a convincitig explanation for the Nigerian result, since banks
. were guaranteed a minimum allocation. On the strength of these two results, there appears to be no clear-

B Itis 1mportant to note that we are not mung for equwa]ence of the average change in the exchange rate across
regimes: the lefi-hand variable i in the long-run cqnanon 15 the level of the equﬂlbnum auction rate.

~ ¥ The ﬁrst-cver test of the (weak) revenue equivalence hypothmis employing actual auction data from a repeated multi-unit
auction is found in Tenorio (1993). He regresses the level of the auction-determined rate in Zambia on autoregressive terms in
the dependent variable, a trend term to capture any non-stationarity, controls for the supply and demand variables, and includes
an auction dummy term, which equals O during the competitive auction and 1 for the Dutch auction. However, the dynamics
in this analysis are very restrictive, including lags of the dependent variable, but without good reason excluding a priori all
lagged fundamentals. The nou-stationarity of the regressors was not tested for, and a general time trend was employed to capture
non-stationarities. This'is unnecessarily restrictive since the bubbles and expectational responses implied by normality and
stationarity tests are extremely unlikely to follow an infinite linear trend.” The persistence in the rate is shown by huge
cocfficients for the lagged rate, with all other vanabhs insignificant, save the l:rend and dumnues. )

» Note that the same result (vmh a different magnitude of the cocfﬁcxent) was achxeved by Tenorio (1993) for Zambm.
though in the context of poorly determmcd aquanons (see earlier footnote). -
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cut policy advantage in use of a Dutch auction to stem the pace of devaluation across repeated forelgn ,
exchange auctions. : ,

Note that this test for revenue equivalence can be expressed in a stronger form, by including an
interactive dummy between the number of bidders and the dummy variable for the auction method
(Hansen, 1986). In this case, the null hypothesis to accept revenue equivalence implies that the
coefficients on the interactive term and the separate auction format dummy term must be jointly zero.
This test takes into account the fact that bidder participation may be higher under different auction
- formats (for instance, entry. may be limited under a Dutch auction where bidding strategies are more

complex - see Goldstein (1962) in the U.S.A. ‘Treasury Bill debates). Unfortunately this test was not '

 possible in the Zambian case due to the definition of bids.* For the case of Nigeria, an F test for the
joint significance of the two dummy terms was F (2,47) = 2.983, thus still reJectmg revenue equivalence
(at a 10 per cent level) in favour of Dutch revenue dominance.>
~ The second policy hypothesis is concerned with the effect of increased volatll:ty of the number '
of multiple units offered for sale in sequentlal auctions on the level of the auction rate. The hypothesis
that we test, controlling for aucnon type, is that perlods of increased supply volatility induce a risk-
premmm on the bids for risk averse bidders, resulting in upward pressure on the equil ibrium exchange
rate. This hypothesis could be tested for all four countries. The Zambian, Ghanaian and Ugandan auctions |
all showed a considerable degree of supply volatility (wnth supply not known to bldders until after the
~ bids were submltted) for all or part of the auction regime (Aron and Elbadawn 1994). In Nigeria,
volatility was less pronounced since actual supply coincided with a fairly constant offered supply (Aron - -
~ and Elbadawi, 1994: Table 1). The results are shown in Table 2. In a second equation for each country,
we include in £(F) in the ECM model (5) of Section 4.1, an additional explanatory variable, the moving
average of the monthly variance of the dlfferenced supply (which is stationary). Referring to the empirical '
specification, the null hypothesxs isthen H,: o = O in the long-run equilibrium term of the empirical
' speclﬁcanon (equation (6)). :
For all four countries supply volatility dld not prove sngmﬁcant Assummg risk averse bidders,
this result might be explained for the cases of Ghana and Uganda, by the use of an (unannounced) reserve
pricing rule which appeared to have been learned by bidders®. In this case, the unceriainty induced by

3% In Zambia, the number of bidders does not equal the published number of bids. This is bec:use for reasons of trade and
exchange control, the published bids:were dissagregated by usage of foreign exchange: thus each bidder’s single bid was reported
~ as components constrained to be at the same price. It is not possible to aggregate the bids and determine the number of bidders
- for the whole of the auction because they were only published mdmdua.lly for auctions 37-68. This unfortunately invalidates

the attemnpt in Tenorio (1993) to establish "strong revenue equwalence usmg an interaction dummy composed of the number
of "bldders and the regime change.

31 The Dutch dummy becomes more positive, with somewhat reduced significance; the interactive term is insignificant.

*® In principle,rlhc prmce of lea._nﬁng can be md for (e.g. Dominguez. 1991), and this is a fruitful area for further
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supply volntlhty would not induce a nsk premium on the bids. Alternatwely, bidders may have been risk
neutral. This latter explanation probably applies for Zambia, and supports the conclusion reached on the
basis of the revenue equwalcnce result. For Nigeria, supply was pre-announced for all or part of the
auctions, in which case it was fairly stable relative to the variability of the auction rate, Preliminary
regressions {not reported here) suggest that supply volatility is an important determinant of exchange rate
volatility. This would be a fruitful area for further research, with the implication that foreign aid may
‘have an important ameliorating effect on supply volatility induced by temporary terms of trade shocks.
“The final testable hypothesis with pohcy implications concerns competltweness in auctions. We
consider the followmg hypothms the level of the exchange rate rises with ‘expansion of the auction
through expanding the number of eligible bidders/items. We test this hypothmls by including the number .
of bids in f (F) in the ECM mode! (5) of Section 4.1. The null hypothesis is H,: &y = 0 in the empirical
specification of the long-run equilibrium term (equanon (6)) * Unfortunately we were only able to test
this hypothesis for Nigeria. The reason is that in Ghana, total bid data is only available for the retail
auction; in Uganda bid data refers to aggregated bids submltted by banks; in Zambxa, total bids include
multiple bids at the same price by individual importers, differentiated by the use of foreign exchange. The
results for Nigeria show a significant and positive effect for the number Vof bids, showing that in the long- |
run there is evidence for the theoretically-predicted competitiveness effect in a multi-unit repeated auction.
It is 1mportant to note that this result obtains with the model controlling for pohcy interventions and the
consequent strucmral shifts which charactensed the Nigerian auctlon , '

S. CONCLUSIONS';

This paper has estimated models for the micro-determinants of the auctiornrrate' using weekly
~ foreign exchange auction data from four Sub-Saharan African éountries, Zambia, Uganda, Ghana and -
- Nigeria. A simple underlying model synthesized from auction theoretical literature specifies the auction
rate as a linear logarithmic function of fundamental variables 'and Strucmral shift dummies. It was not

possnbleto produce a structural model, as currently there is no available theoretical model in the literature

for repeated sequential muiti-unit auctions of this type However the repeated, sequential nature of these
auctions and the non-stationarity of most of the individual auction variables was captured empirically by
a cointegrated (error correction) framework. Even though this model does not allow a structural -
~_ interpretation of the auction rate determinants, it permits estimation of the ldng-mn path of the auction

¥ Cointegration has one distinct advantage when measuring the effect of competition on bid levels. Hansen (1985) points

out that with a positive reserve price, the theoretically relevant variable for the number of bidders is not the actual number of

bidders, but the unmeasurable potential number of bidders. Giley and Karcls (1981) have c~.rrected for this ttuncated error

- problem by the Heckman procedure, including a dichotomous bidding decision: bid/do noc bid. However, in the context of

cointegration. the variables involved are [(1), and the estimators wﬂl be consistent whether or not the Inddmg decls:on dummy
variable is mc[uded .
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rate in addmon to accountmg for short-run dynamnc behaviour. In addmon to consnstently estnmatmg Iong— N

run and parameters of auction fundamentals, a modified version of the error correctxon model (a la
Phillips and Loritan, 1991) allows asymptotlcally efficient testing of three policy hypotheses motivated

by auction theory. These are the revenue equivalence hypothesis, the competitiveness hypothesis and the
effect of uncertainty on the auction-determined rate. - - |

- 5.1 Summarv of results,
' The variables for which rheoretlcally predlcted effects could be ass1gned a priori are foreign
. exchange supply, demand, and the opportunity cost (parallel or bureaux exchange rate). The empirical
results strongly corroborate the theoretical predictions in that sustained increased foreign exchange supply
(demand) leads to an equilibrium auction rate appreciation (depreciation). Also, the parallel/bureaux rate
~ was positive and strongly significant, repwsenting an Oppominity cost to bidders, but also signalling
incredibility of macro-economic policy {see also Aron and Elbadawi, 1994). The model also lends strong
support to the error correction framework, where the curfent afiction rate is shown to adjust to previous
departures from equilibrium, while transitory movements in the fundamentals influenced the auction rate
in the short-run. Finally, dummy variables representing policy muerventlons in Nigeria, Uganda and
Zambia were found to effect structural shiits in the long-run auction rate. :

- The revenue equivalence hyporhws was tested for Nigeria and Zambla, where eplsodes of
competitive and Dutch ‘auctions followed consecutwely In both cases evidence was found against the
revenue-equivalence hypothesxs, with the Dutch auction (strongly) revenue-superior in Nigeria, and the
coinpetitive auction (weakly) dominating in Zambia. The interpretation of this result, however, is not
straightforward, given that there is no'theoretical result for repeated, multi-unit auctions. Theoretical

models for more restricted auctions suggest several reasons for the result of non-equivalence (section 2;2).
A possible explanation for revenue-superiority of the competitive auction is that bidders’ private values
are correlated, with risk-neutral and symmetric bidders (Weber, 1983). This result seems plausible for
Zambia, given that the bids were published weekly for most of the auctions. A feasible explanation for
Dutch-dominance in the wholesale auction in Nigeria is collusive behaviour by a small number of .
predominantly state-owned and risk-neutral banks (Robinson, 1985). To the extent that these results are
robust, this implies that no revenue advantage can_bé assigned a priori to a repeated, multi-unit auction,
irrespective of the underlying valuation characteristics of bidders. Apart from the static analysis of
Tenorio (1993), this hypothesis has not been tested for repeated multi-unit auctions using actual auction
data. , . , - ' -
7 The impact of supply volatili'y (a proxy for uncertainty) on the level of the auction rate in

' repeated auctions was tested for all four countries, controiling for auction type, but was not found to |

- produce a risk-premium on the auction-determined rate in any country. In Ghana and Uganda, the use
 of areserve price served to stem downward volatility in thin markets, or where disqualification for failing -
to abide by dbcuméntation requirements reduced demand. Moreover, although the rule was not pre-
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" announced, it was fairly transparent to bidders, so that despite the higher supply volatility in Ghana and
Uganda relative to the other two countries, the exchange rate prescribed a fairly stable path. An
alternative explanation is that bidders were risk neutral in these auctions. This result may apply for

- Zambia (where no binding reserve price was used), and accords with the conclusions above on revenue
equivalence. On the contrary, for Nigeria, supply volatility was too litnited to have the expected effect
because foreign exchange supply was used as target variable to stabilise the exchange rate (without
success). However, these results should not be taken to imply that supply volatility did not matter in rhese
auctions: in preliminary regressions (not reported here) we found supply volatility to be an important
determinant of exchange rate volatifity. This would be a useful area for further research, with the
implication that forelgn aid may ameliorate supply volatlmy induced by temporary terms of trade shocks.

, The role of competitiveness effects in auctions could only be tested for Nigeria. Qur resuits show

_ that controlling for policy intervention and consequent structural shifts which characterised the ngenan

auction, an mcreased number of bidders lead to equilibrium auction rate depreciation in repeated, multi-

unit auctions. This prediction from auction theory for more restricted auctions, has been fourd to hold

' in other types of one-shot, multi-unit auctions (McAffee and McMillan, 1987). However, this is the first
- corroboration of the theory for a repeated, multi-unit auction. : :

52 Pohcy lesons.

In broad summary, these empirical results corroborate the dlstmctlon between two sets of
countries in terms of design features, auction policies and outcomes © Ghana and Uganda represent a
set where auctions have been largely on target in terms of the 'ree policy objectives of exchange rate

' umﬁcarlon stabilisation of the exchange rate and an efficient allocation of foreign exchange. On the other
hand, the auctions in Zambia and Nigeria were subject to frequent policy interventions, with the
consequence of unsustainable auctions, inefficient allocation through ad hoc disqualifications (at least in
Zambla), limited unification, and a rather volatile exchange rate. A number of policy lessons for
exchange rate reform in SSA can be distilled from these results. _

First, in large measure, the failure to achieve exchange rate umﬁcat:on and a stable exchange rate
in Zambia and Nigeria can be attributed to the absence of a reserve price rule. Our results suggest that
use of a fairly predictable reserve price stabilises foreign exchange auciions, given the limited depth of
SSA financial markets. The rule is learned by bidders, and diminishes speculative bidding.*

® Furthermore, the distributional analysisin a companion paper (Aron and Elbadawi, 1994) also produced a clear distinction
between the two sets of countries. For example, the distribution of the auction rate exhibits left skewness {tendency towards
appreciation) in Nigeria and Zambia; while the opposite was observed for Ghana and Uganda. ,

“In pnncrple, a pre-announcedand stable supply policy rule could achieve a similar stabilising effect. However, we have
shown that in practice the endemic potential variability of foreign exchange earnings (excluding aid) in SSA, makes it difficuit
for an auctioneer to guarantee credibly a stable supply in the medium-run. Furthermore. a supply ruie does not achieve the close
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* Second, the management of a sustainable and credible reserve price policy requires an efficient
seeondary market. The use of legalised bureaux markets in Uganda and Ghana had two advantages in this
respect:rthey are likely to be deeper markets, and moreover eliminate the risk-premium associated with
~ illegality. Macro-economic policy remains crucial to the success of the reserve pricing policy (Aron and
" Elbadawi, 1994). A stable and consistent macro-economic environment, permitted the development of
a stable and steadily depreciating bureaux rate in Ghana and Uganda whlle the hlghly volatlle |llegal
parallel rate was not suitable as a guide for pohcy in Zambia and Nigeria.
Thirc, auction rate depreciation as a consequence of mcreased liberalisation and hence competition
in the auctions, is consistent with fundamental market behaviour, and as such stabilises the auction and
fosters long-term nniﬁcatidn. This has been the experience of Ghana and Uganda. In contrast Nigeria and
Zambia attempted to stem depreciation through increased entry restrictions (and ad hoc disqualifications)
over time: these policies back-fired and merely increased damaging speculative behaviour. Given the
initial conditions of thin and rather rudimentary financial markets in SSA, there may be advantages from
a more gradual liberalization for. allowing institution-building and learning by agents in the market -
‘bidders, bureaux, commercial banks, and the auction managers (Aron and Elbadawi, 1994). Gradualism
- may also be justified from a macro-pempectwe given the substantial macro-imbalances and the low
- credibility that often characterise initial conditions in reforming SSA countries.
- Fourth, choosmg Dutch over competitive pricing does not provide an automanc revenue
_ advantage though it may where there are a small oumber of bldders engaging in strategic behaviour, or
where risk-aversion is paramount. However, the Dutch auction may introduce other undesirable features
such as a reduced pool of bidders and inefficiences associated with a multiple rate system.
Fifth, while supply volatility - with supply announced only just before opening the sealed bids -
does not produce a 'risk-premiurn on the level of the auction rate, there is preliminary evidence that it
is important -for auction rate volatility. This finding bears further investigation, with the potential
- implication that stability of foreign aid could play an important role in compensating for flucmations in
export earnings induced by trade shocks and/or natural disasters.
Sixth, although we did not specifically address the issue of allocauon in the auctions, anecdotal 7

evidence suggests that efficiency of allocation” improved relative to the previous system of manual .

allocation under. a fixed rate. However, it is to be expected that ad hoc dlsquahﬂcatlons as occurred in
Zambia diminished these advantages.

Finally, the evidence from Ghana and Uganda as against Nigeria and Zambia, suggosts the
paramount importance: of transparent policy rules and conduct of the auctions. Lack of- transparency is
tantamount t0 unnecessary increased discretion by the auction managers, thus exacerbatmg one of the
- major potennal weaknesses of the aucnon reglme '

lm'agc with macro-policy evolution and external shocks that is immediately reﬂected in a reserve pnoe based on 2 secondary
free market .
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~ TABLE 1: Teoto for unit roots with structural branks,

ZAMBIA model: y, = ¢ 4+ t + .4 + T,.1u 0y, + DU + DT
Togtvar) + dummise h aloglver} + dummies. ~ soglvar) - dummies Order
- ’ - . } ] - ofl
DF ADFlk=4) _ DF ADF(ks4) ~ ADFlk=4) -
togloer) - .ag 329 . 848 .384 .79 W
loglmed 5,21 -3.66 _ 6,51 . -407 410 I
loglmin) -5.28 .3.64 13:73 4,31 421 i
logimnc-min) . © 440 4,12 -12,83 -5.29 -5.26 o)
logiQs) -6.55 340 - -10.21 5.82 528 THm
logiQd) -4.27 -a.78 -9.83 -3.65 - -3.69 S
logiQe/Cdl -5.31 -2.65 -10.51 ~ .4.93 ' -4.85 um
laglhidt] -3.52 -3.02 o -802 -3.84 -3.46 n
logibids/bidt) - 446 -2.78 -B.57 . 475 © 4,68 Cm
loglprom) - -3.31 282 . . -BM .3.94 -3.86 )

_ 1. Critical values with dummies {Perron, 1989): breakpoint in sample: 0t =0.,6; large sample; significance leval: t,=4.24 [5%), t,=3.95 (10%).
2. Critical values without dummies (Banerjer et al, 1992): 100 cbservations; significance level: 1, =4.04 (1%}, t, =3.45 (5%).
3. Trand dummies for breakpoint Ty: t=trend: DU, =1 if t> Ty, and O otherwise: DT, =t if 1> Ty. and O otharwise.

UGANDA model:y, = ¢ + t+ vy, + ¥, i.ay, + DU+ DT

loglvar) + dummies alogivar} + dummies aloglvar) - dummies Order

- : - - ‘of 1

OF ADFlk=4) : DF ADFlk=4) ADF{k =4)
togloer) -7.79 - =297 . -4.67 -5.33 - -4.72 . 1
“log(max) -7.99 -4.68 -12.39 -6.33 o -6.34 1oy -
logimin} -6.70 755 -27.93 2.7 -7.90 10)
logimax-min} -8.89 -4.32 : -12.34 -6.36 . ) -6.47 .oy
Jog{Qs) _ -B.SS -3.58 , -15.64 . .5.29 , -5.24 ' Hn
log{Qd) -7.72 4,64 -12.74 - -6.13 . 8.31 10}
loglQs/Qd) 724 -4.68 . -13.86 -5.20 649 . - o)
loglbidy) -7.34 .78 -15.33 -5.20 : 5.26 {1
logibids/bidt) -7.63 468 . -13.86 -5.20 - 547 . 0w -
logiber) | .-0,92 -2.88 -4,80 -4.81 1 .3.26 "
loglprem). -2.29 -2.65 -5.24 -4.02 . 278 RN

1. Critical velues with dummies (Perron, 1989): breukpdnt in sample: z=0.3; large sample; significanca level: 1, =4, 17'(5%1 te=3. B7 (10%).
2. Critical values without dummies (Banerjee et al, 1992): 100 observations; significance level: t ~4.04 (1 %), t,=3.45 {5%).
3. Trend dummica for breakpoint T,: t=trend: DU, =1 if t>T,, and O otherwise; DT =tif t>T., nnd O othorwme.
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TABLE 1: {Comd.)

GHANA . model: v, = & + t + v,y + E,.q4 4V, + DU, + DT,
logiver) + dummice alogiver) + dummies alogiver) - dummies Ordor
- ofl
DF - - ADFik=4) DF ADFik=4)  ADFlk=4)
logloer) .74 374 14,14 638 .6.41 : u
logimax) . .3.48 4,77 © .15.00 7.4 . 338 1o}

" logimin) - 970 357 7 -14,70 .6.48 649  nop
logimax-min} -5.44 -2.44 -22.09 - -8.681 : 6,62 : 10}
loglQs) , 1179 .4.68 -22,86 a2 11.89 1o}
loglQd) 8.92 -6.01 - .18.67 -8.08 -9.11 10}

. loglQs/Qd) T a4 7.07 -20.02 9,97 - .9.96 10}
loglbidt) - 6.8 401 .16.82 768 . 788 10}
log(bida/bidt) -7.08 -5.88 -16.10 -7.89 7.89 1o}
loglber) 0.35. .0.24 11013 855 .5.98 11

loglprem) = - 0.48 _ .0.48 -10.51. -5.83 -6.42 1o}

" 1. Critical values with dummioe {Perran, 1989) breakpaint 1 in sample: a-0.4 bronkpomt 2 in semple: =0.7. Unlng Q=0.7; large
sample; significance level: t,=3.80 (5%), t,=3.51 {10%).
2. Critical values without dummies {Banerjaa et al, 1992}: > 100 obsarvationa: significance level: t,=3.96. (1%). t.-3.41 [S%).
3. Trend dummios for breakpoints Ty: t=trend: DU, =1 if t>T,, and O otherwiee; DT, =t-T, if t>T,, and O otherwise,

o 4, Sample sizes for number of bids nnd buresux dm ore lm than 270 {Aron and Elbadawi, 1994: Table 2). In the former case no dummuu

are used in the tests.

NIGERIA . medel:y, =c +t+ vy, + £.uay., + DU+ DT
.7 Ind(vuﬂ + dummies slog{var) + dummies aloglvar) - dummiea _ Order
: ' : : : : of | .
OF _  ADFik=4) : DF ADFlk =4} ADFlk=4} .

logloer] 5.01 290 -13.86 -4.88 : 4 e
" logimax} -1.82 -2.88 -7.28 4,16 3,74 i
logimin) -5.19 -3.49 C M 544 _ -5.60 )
loglmax-min) 452 -3.63 -9.87  -4.70 472 1)
loglQs} 5.73 417 -9.49 6.16 -4.81 o)
loglad) - ' -5.60 -3.94 - 987 -5.39 -4.42 o)
loglsradl - -5.31 439 -10.51 429 © 435 1t0)
loglbict) -5.50 -3.96 -8.70 5.93 567 i{o)
loglbids/bidt) 5.71 -4.73 1341 -4.58 , -4.89 o)
logiber) -3.53 -2.62 -9.59 -4.36 -4.30 1

loglprem} - -5.30 3.7 -12.52 -4.00 -3.58 un

1. Critical values with dummies (Perron, 1989): breakpeint in sample: oi=0.4; large sample; significance level: t,=4.22 {5%), t,=3,95 (10%).

2. Critical values without dummies (Banerjee et al, 1992): 100 observations: significance lavel: t,=4.04 (1%). t,=3.45 {5%).

3. Trend dummies for breakpaint Tg: t=trend; DU, =1 if t> T,, and O otherwise; DT, =t if t>T,, and © otherwise.

4. Note that the fitted trend shown in Figure 1d could nat ‘be used in these tests, due to singularity of the deta: the regime change from auction’
©2-3i0s 1hus not included here. .
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_ TABLE 2: Estimation of the equilibrium auction rate for Zambla, Ugendn, Ghana and Nigeria,

ZAMBIA
Equation 1 : Equation 2
utatio:
equilibrium error 0.83976E-01  0.95212E-01
: {2.1724) ' {2.2383)
constant 0.28815 022150
10.34028) - 10.29471)
logiQs), ., -0.78092 -0.68865
F1.7707) (-1.7875).
loglQd), ., 0.65355 0.82815 -
{1.8635) (2.0686)
1oG(BERI,.. 0.76105 0.74578
{2.7533) " (3.0148)
MAV (Alogiqs)),, 0.18622
10.70249)
' DUMDutch .0.55716 -0.48879
(-1.9242) {-1.9254)
D2 -2.5048 - -2.2399
(-1.8842) {-0.19679)
dynamio:
Alogiasi, -0.47414E-01 -0.46943E-01
-3.7027) {-3.8400)
Alogtad), 0.31940E-01 0.34691E-01
{2.0072) {2.0954)
_ Alogtber, 0.60805 0.81353
- : {10.451) (10.379)
Alogiberi, ., -0.10353 -0.96324E-01
(-2.3071) -2.0723)
dingnoatioo:
{t-statistics in perentheses) , ,
‘log of likelihood function = 142,331 142.587
no. of cbheervations = 64 64 B
SE regression = 0.28766E-01 0.289250E-01
R-squared = 0.754487 0.921638
edjusted R-squared = 0.906852 .0.505819
DW statistic = 1.2347 . 1.2299
sum of squared residuals = 0.438557E-01 0.435067E-01
ADF(4) residuel = -4.94 4,99
CHOW F{9,44) = 1.278191
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NIGERIA

Equation 1. Equstion 2
statio:
aquilibrium error 0.65960 0.65928
: 16.4368) 16.3630)
conatent 0.26381 1 0.25274
10.80320) {0.71201)
lonlQs},, .0.17620 .0.17566
{-1.6080) (-1.5815)
loglQd),, 0.19982 0.20074
{1.7649) {1.7467)
log(BER),., . 0.20691 0.15219
o {2.2967) {1.5929)
loglbidt),., 0.15225 0.20950
(1.6110 {2.1925)
MAV 1Alogiqsh,, 0.30276E-01
(0.89207E-01)
DUMDutch 0.73946E-01 0.735336-01
’ {1.9850) {1.9390)
‘D2 0.1132% 0.11277
(27757 - (2.7158)
D3 0.24356 - 0.24218
{4.2873) 14.0746)
dynamic: 7
AlogiQs), -0.31201 -0.31179.
{-4.751) (-4.0279)
AlogiQs), , -0.78437E-01 -0.78090E-01
(-1.8868) {-1.8510}
AloglQs),., 0.21655 . 0.21643
' {5.0387) 14.9813)
Alogiad), 0.24647 0.24695
14.2691) (4.215%)
Alogtbers,, 0.36113 0.35918
B 12.2747) (2.2186)
Alog(bidt), ., -0.11894 -0.11698
- -2.3799) 2.1229)
diagnostics: (t-statistics in parentheses)
log of likelihood function = . 124551 " 124556
no. of observations = - o 63 63 - .
‘SE ragression = 0.38389E-01 0.387926E-01
R-squared = o 0.754487 0.754529
adjusted R-squarsd = - 0.682879 0.676187
DW statistic = 2.0934 2.1039
" . sum of squared residuals = 0.707408E-01 0.707289E-01
ADF(4] residual = -4.47 -4.45
CHOW F(13,35) = 1.513739 . s
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2.586580

GHANA o
Equation 1 o Equation 2
statio:
equillbrium error . - 0,1873BE-01 0.18667E-01
{4.3744) {4.3329]
constant 0.18048 0.11443
{0.24403) - 10.15680)
' log(Qs),, .0.31869 .0.30229
' {-2.4983) {-2.4001)
fogiQd),, ~ 0.86500 0.86011
, 14.2207) 4.1771)
 log(BER),, 0.77307 0.77751
_ {4.8948) 14.9073)
MAV {Alogiqal),, 0.91567E-01
; {0.77940} .
dynamio:
Alog(Qal, -0.89511E-02 -0.87323E-02
(-4.5084] {-4.3784)
AlogiQs),., -0.41345E-02 -0.41627E-02
-2.4253) (-2.4457)
Alog(Qs), ., 0.54115E-02 0.55080E-02
: (3.2045) (3.2647}
Alogiady, 0.17074E-01 0.17048E-01
o {8.9847) {8.9486)
Aloglady,, -0.38971E-02 -0.40007E-02
' {-2.6323) {-2.6871}
AloglQd), . 0.35241E-02 0.35106E-02
12.1075) ~ 12.0984)
Alcglaa),., 045130602 -0.43208E-02
(-2.6181) (-2.4807)
Alogtber), 0.40908E-01
- 1.577n
Aloglberl, , - 0.63480E-01 0.65041E-01
12,4916}  {2.5533)
diagnostics:
(r-stnfisticu in parentheses) - .
" log of fikelihood function = 970.719 © 972.235
no. of cbservations = 266 ) 266 -
SE regression = 0.645304E-02 0.644188E-02
R-aquared. = 0.459540 » 0.455665
adjusted R-squared = - 0.433905 0.435862
DW statistic = 1.9582 1.9525
sum of squared residuals = 0.105354E-01 0.104160E-01
ADF(4) residusl = -6.25 -6.30
CHOW F{13,240) =



-34-

TABLE 2: {Contd.]

CHOW F{11.,35) = ' ’ 1.098098

Equation 1 Equation 2
statjo:
equilibrium error '  B.743563E-01 0.75010E-01
: 14.4143) 4.4142)
conatant R . 49566 4.9849
: ' : {5.8287) (5.8731)
loglQal, ; - - .0.29396E01° .0.28255E-01
o (-2.9883) (-2.8708)
logiQd),, : - 0.44106E-01 0.42668E-01
: : - (3.8213) {3.5095
loglBER),, o 0.27697 0.27292
: " (2.3066) 12.2770)
MAV {Alogigal),., . -0.38358E-05
: : - (-0.61283)
DUMguarantee- 0.11474E-01 0.11360E-01
(1.9859) . (1.833) = ~
dy-namic: .
* AlogiQal,., N N , 0.93263E-03 0.90164E-03
(2.2358] (2.1315)
Aixg(Qs),., - - - 0.59881E03 0.56979E:03
o : 13.2272) - {2.9566)
Alogiad), : S -0.95845E-03 0.95213E-03
(2.9789) 12.9376)
Alogiad),, : -0.11450E-02 -0.11068E-02
, : {-2.3998) {-2.2818).
Aloglber), 0.85835E-01 - 0.12322
: {2.1438) {3.0896)
~ Aloglberl, , ' , 0.12043 0.92119E-01
: 13,0604} (2.2147)
diauhoniop:
{t-statistics in parenthesis}
log of likelihood function = S 337.319 337.560
no. of chservations = o 58 : 58 :
SE regression = ' . 0.809678E-03 0.815224E-02
Rsquared = o © 0.635630 0.638651
adjusted Rsquared = ) . 0.548498 0.542291
DW statistic = ' 1.8440 1.8857
sum of squared residuals = C ~ 0.301566E-04 0.293066E-04
ADF(4] residual = - - -3.54 . - -3.59
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FIGURE 1 a,b,c,d: - Regime shifts and the equllnbnum auctlon pnce in

the SSA auctions.
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. CHANA 1986-82. |
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APPENDIX I: Eeonemetric methodology.

The main objective of this research is generating an asymptotically efficient
estimates for the equilibrium model of section 2. The existence of cointegration readily
- guaranteed consistent (in fact super-consistent) estimation for the equilibrium parameters
from a simple OLS regression of equation (1) above (Engle and Granger (1987)). This
important property has been the main reason behind the enormous popularity of -
cointegration regression in the past few years. As pointed by Phillips and Loreton
~ (1991), however, the cointegration regression usually produces substantially inefficient
ac;mptotic estimations. Given our interest in generating asymptotic point estimators with
smaller margin of errors for the true equilibrium, the direct comtegratlon estimation will
not be adequate for the problem at hand. = -
Fortunately, Phillips and Loretan (1991) propose a useful empirical paradigm
- based on statistical distribution theory that can be used to generate asymptotically efficient
estimation in the context of single equation cointegration (or error-correction)
econometrics. Phillips and Loretan show that asymptotic efficiency obtains in the case
of oomtegratlon regression anly for the fully modified OLS (Phillips and Hansen (1990)—
with semiparametric serial correlation and endogeneity corrections). And in the case of
a modified non-linear single equation error-correction. specification (with lagged
equilibrium relations and both lags and leads of AF, as regressors). In what follows we
wiil discuss the modified ECM, since it will turn out to be a direct generahzatlon of the
ECM consnstent Tong-run cointegration equilibrium. '

e 1

1 - ’
Consider the following typical comtegrated systems: let Y. = [ ;‘] be an n-

gy
",
n = m+1. Now the cointegration equlhbnum can be represented by the followmg
systems (Philllps and Loretan (1991), Phillips (1991))

vector with an I(1) process and g, = [ ] be an n-vector stationary time series, with

e,_=p'1=‘+;_¢," M
AF, = p, - @)

Assummgthat B = EA & 5 4 —[ ,z; J‘?IIA | < o, where q~udN(O ¥); Phillips

and Loretan (199 l) show that system (1) and (2) is equlvalent to the followmg
expressxon

e = BF, +zd,,(._, ﬁ'F_,) zd1, )

j=1

: 42 Phillips and Loretan (1991) emphasize the point that asymptotic theory requires this particular nonlinear formulation of '
the ECM, as opposed to the other frequently used formulation in the literature based on using Ae,; instead of (e,; - 8F,;). this
is because lags of Ae, are not in general an adequate proxy for the pasthxstmy of becauseoflhepersnsﬁeneem the effects -
of the mnovanons that arises from the presence of unit roots in the system , ,
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where 5, =, - E(u,|X,.) is a Martingale difference sequence with respect to the

filtration X _, = o{Ae » l,Ael_2 ,AF,AFt~1....}. A suitably truncated version of (3)
~ above has been employed in single equation error correction (SEECM) empirical work

{e.g. Hendry and von Ungern-Sternberg (1981)).
Phillips and Loretan (1991), however, show that a truncated version of (3) will
- fail to produce asymptotically efficient estimators, because the truncation error is non- -

negligible due to shock persistence. Also Phillips (1988a) show that there is a general
failure of valid conditioning--a desirable feature in the Hendry-Richard metholc;y*--due
~ to the presence of feedback from pu,, to g,. To rectify the failure of equation (3) to
" produce asymptotically efficient estimators of 8, Phillips and Loretan (1991) show that
this needs the elimination of this feedback, and they suggested including leads of AF, in

- the regression of (3) so that in the limit g, is orthogonal to the entire history (AF )-.,. '
Their revised version of (3), therefore, has the fol]owmg form

€ "'B,F +Ed|.,'(|._, ﬁr-F-J) +Ed21

=1 . j=0

+E d3J

j=1

@

where v, = 11l E dyp, wj? and is a martingale dlfference sequence with recpect to the
i-1 :

Vﬁltra.t[on ”’l O-(Il'n_p Fn_z, .a ("‘3)—0-)
A truncation of (4) that w1ll be estimated in thlS paper allows for two lags and
one lead (Phllllps and Loretan (1991)):4 '

e = ﬁ'r-‘ +d, (e, -BF_) + d,le. —ﬁ’F.f,)
* d;OAFt * dZIIAFt-l + dnAFt-z : ®

’ .
+ dy AF,,, + v

 The Hendry-Richard appmach (see Gilbert, 1986) suggsts that a successﬁll single-equation ECM should meet the

following criteria: (1) data coherency; (2) valid conditioning; (3) encompassmg, “@ lheory compatibility; (5) parsimonious o

orﬂmgonal decision variables; (6) parameter constancy.

“ The relanve successful order (2, 1) u-unumed model snmulated by Phillips and Loretnn {1991), however, contains only-
“two long-nln pa.ramen:ts
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