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Abstract?

Over the last two decades, millet prices in Nigawéh experienced several periods of
spectacular increase during which they seemed tegfjoabove their fundamental value. The
presence of rational speculative bubbles mighta®hese episodes of price bursts followed
by rapid reversals. Considering millet as a fooseasve test for the presence of periodically
and partially collapsing bubbles for 24 millet metik of Niger. The test strategy consists of
testing for non-linearity in the price process esponding to regime switching between an
explosive regime and a stationary one. Two testsimplemented: the Markov switching

ADF unit root test and the recursive unit root tesPhillips, Shi and Yu (2012). The results
show that most of the time price movements do mxbib#t the specific characteristics of

rational bubbles. A noticeable exception is 2008e Great food crisis that hit the Niger that

year may partly be explained by speculative bubbles
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Introduction

Over the past 20 years, grain prices in Niger leymerienced numerous large positshecks
followed by rapid reversals. These shocks, whosatuiun is typically less than one year, are
transitory but constitute a threat to poor housghelho are dependent on markets for food
security. Indeed, these periods of price spikesesiomes lead to severe food crises, as was the

case in Niger in 2005 and more recently in 2012 2013.

A straightforward explanation for price run-updacal food grain prices relates to the
occurrence of large negative supply shocks. Indeditet price spikes are generally recorded
after a rainfall deficit and a drop in domestic glyp Large climate fluctuations that are
common in this country located in the Sahel patvast Africa generates intrinsic volatility

in fundamentals that result in wide price fluctoas.

However, data show that production and price flattuns are not closely related
which leads to question the functioning of markdlsn-competitive markets may explain the
apparent discrepancies between prices and foothbWidy. In developing countries, traders
are often considered as responsible for grain priceeases. They are blamed for taking
advantage of their monopsony power, and for spéealatockholding. Another explanation
to price upsurge might be found in Sen’s work oe thigin of famines when there is no
decline in food availability. In this stream of WwoRavallion (1985) showed that the 1974
famine in Bangladesh cannot be explained by aptoduction deficit, but by stockholders’

over-optimistic price expectations.

Such market “irrational exuberance” coming from ggerated expectations has been
evidenced on stock markets. Speculative bubblesisually blamed for large and persistent
price deviations relative to their fundamental ealSpeculative bubbles might have multiple
origins. They can be irrational originating fromis® traders who trade irrationally on the
basis of irrelevant information. They may also haweial or psychological origin resulting in
fads or fashions in asset markets (Schiller, 19B4j.bubbles can also be rational resulting
from self-fulfilling beliefs based on irrelevantfammation that is not related to market
fundamentals (Diba and Grossman, 1988). For instahthe economic actors anticipate an
increase in grain price whereas these expectatayes not based on changes in the
fundamentals, the grain demand will increase motiegprice away from its intrinsic value.

A rational bubble is consistent with the efficiemiarket hypothesis and the no arbitrage



condition. It can be derived from a basic assetimgi model assuming competitive markets
and rational expectations with no informationalmasyetries. Agents know that the asset is
overvalued, but they are prepared to pay moreHerdasset than its intrinsic value if they
expect to sell it at an even higher price. The beibirreases at the required rate of return and

bursts when agents’ expectations return to normal.

The presence of rational speculative bubbles migkplain the dramatic price
increases followed by a sudden reversal that haea bbserved at different periods of time in
the grain markets of Niger. Bubbles might also akpwhy the early warning system for
preventing food crises, which is mainly based anrtionitoring of crop growth, has not been
effective in anticipating steep rises in pricespiestechnological advances that allow more

accurate monitoring of harvests.

In Niger, investors in the grain market operate inighly uncertain environment that
is likely to favour self-fulfilling beliefs. Inforration on the climatic and agronomic conditions
of crops as well as on economic variables is gélyerary poor. Moreover interventions of
the government and external aid agencies in cagsodfrisk are often unpredictable (Cornia
and Deotti, 2008). Therefore incomplete or unrédainformation provided by the public

authorities may fuel speculative bubbles.

The aim of this paper is to test for the presencspeculative bubbles in millet
markets of Niger. There is a growing empirical rhiteire aiming at detecting explosive
behaviour in financial and commodity future markistse for instance, Phillips and Yu 2011,
Prakash and Stigler 2011, Figuerola-Ferettal 2014) but it is to our knowledge the first

time that such an analysis is implemented in aldeugy country.

We focus on &pecific class of rational bubbles the so calledbgecally and partially
collapsing speculative bubbles (PCB) originallyidedl by Evans (1991). PCBs are nonlinear
processes; they are explosive during the phaseldfle eruption, but they may be stationary
over the whole sample period. To test for the preseof PCBs we look for explosive
behaviour in millet price taking into account theokition of observable fundamentals.
Looking for nonlinearities resulting from regime itshing and explosiveness in price
processes we implement two types of tests: the ddadwitching unit root test and the
recursive ADF unit root test. Most of the time,garimovements do not exhibit the specific
characteristics of bubbles. However results shoat the 2005 food crisis may partly be
explained by speculative bubbles that are detentedme large urban markets of Niger.



The paper is organized in the following manner. t8ac1l outlines the main
characteristics of millet price evolution over tlest two decades. Section 2 exposes the
theoretical properties of periodically and partiatbllapsing bubbles. The Markov-switching
unit root test is implemented in section 3. Sectas devoted to the recursive unit root test.
Robustness tests based on estimates of the funtEnwatue of millet are conducted in

section 5. Section 6 discusses the results andumtes

1. Millet price evolution on the past two decades

Niger is a landlocked country belonging to the gatg of Least Developed Countries and
ranking at 189 position (of 185) in Gross Domestic Prodper capitaankind. Millet is the
most suitable crop for the arid and semi-arid adasiger. Millet covers 65 % of cultivated
land and represents about 3/4 of cereal produ¢ti®B, 2009¥. Millet is also the staple diet
of the local population representing almost 40%otdl food supply. Therefore population is
highly dependent on millet production for food sa@yu As illustrated below, millet supply
and prices have been highly volatile during the gdasades leading to chronic food insecurity

and recurrent food crisis.

1.1. The data base

A market information system (SIMA) has been impleated in Niger at the end of the 1980s
within the framework of structural adjustment prags. The SIMA has been collecting prices
for major agricultural products and livestock onexpanding number of markets and on a
decadal basis. Unfortunately, price collection basn irregular and only a few number of
price series can be exploited for time series @malyror instance, some markets have been
dropped from the sample after a few years whileersthhave been included recently.
Moreover missing values in price series are commspecially at the decadal frequency, so

that numerous price series can hardly be usecctor@netric analysis.

Given these difficulties we restrict our workingrgae to 24 millet markets for which
price information is available on a regular montbésis from January 1990 to February 2012

2 TheWorld Bank database for 2012. http://data.vamitk.org/indicator/

% Niger is the second largest producer of milléiMast Africa, behind Nigeria. Nevertheless Nigemulady
imports millet from neighboring countries.



or April 2013. For these markets the number of mgslata is lower than 10% of total

observations.

The sample markets are disseminated in 21 of theep@rtments of Niger. The data
set includes markets of the main cities of Nigenéfs-lieu de departmértiut also markets of
few numbers of rural municipalities. Most markets #cated in the most populated south
part of Niger (below the 15th parallel) where cltrmaconditions are more favorable
agriculture (see table A2 and map 1 in the appgn@igpulation density decreases quickly
from about 162 pop. per km2 in the extreme souttess than one people per km2 in the
northern department of Bilma. Thus we can confilyetiinsider that price movements in the
24 markets of our sample are representative oe@olution in the main markets of Niger.
However, Niger's population is predominantly ruseth about 80% of people living in rural
areas in 2010. Past studies tend to show that Hie gnain markets of Niger are fairly well
integrated. But we do not know to what extent ribehavior in rural areas differs or not

from that of prices in the main department cities.

1.2. Price evolution

As can be seen from figure 1, millet prices argextitio large variations from one year to the
next and to large seasonal fluctuations within ykar. Actually, millet is a rain fed crop
cultivated by small traditional farmers using lowmput agricultural practices. As a
consequence, millet production is highly vulnerataepest attacks and weather conditions.
Moreover, trade does not play a regulating rolepooes. Millet is the subject of intensive
cross-border trade between Niger and neighbourugptcies (in particular Nigeria) but it is
not traded on international markets. Because weatbeditions are broadly the same in
neighbouring countries which belong to the sameorey production area, the dampening

effect of trans-border trade on prices is weak.

As a consequence, millet price fluctuates widebyrfryear to year according to natural
conditions and within the year according to thedpidion cycle. Millet prices are lower
during the harvest and post-harvest season frorte®éer to January. Then they gradually
go up and reach their peak at the end of the leasasi from July to August. The large

seasonal fluctuations in millet price — price irage by about 40% on average between

* The lean season is the period that precedes thiestaluring which granaries are depleted.



December and August — reflect the importance afagi costs. These costs include physical

losses and above all the opportunity cost of chpitéch can be as high as 4% per month.

Millet is usually stored over the crop year but dsnheld for more than one year.
Typically three categories of agents hold stockamers, wholesalers and the public
authorities. Most grain is stored at the farm lebeit these stocks are difficult to assess. As a
general rule, stocks are built up immediately affter harvest and held until the beginning of
the new crop season. According to their expectatregarding the state of the future harvest,
farmers may start selling their stocks in June. elmwv, most of the time stocks are not
liquidated before August-September. Stocks at e fgate level are intended to cover the
household’s food needs until the next harvest, amt the farm’s demand for seeds.
However, many small farmers whose production issadficient to cover their food needs are
net buyers of grain. Others are forced to sellen#larly in the crop marketing season to meet

their cash needs and to buy back grains laterarséason.

Figure 1. Millet price in Niamey and Maradi, Fcfg/kanuary 1990 - April 2013

350

300

250

200

150

100

50

90 92 94 96 98 00 02 04 06 08 10 12

l = Niamey (Katako) == Maradi ‘

Source: SIMA

Wholesalers hold stocks over short periods, gelyemalt exceeding two months, with
the result that the rate of stock turnover is Higker, 2010, WFP, 2005). High risk and high
capital cost are the main reasons for the rapatioot of stocks. Traders collect millet during
the 3-4 months following the harvest (from SeptemtibeDecember). They start importing
millet from neighbouring countries (Nigeria, Mal Burkina Faso) later in the marketing
year. Public safety stocks have been considerauyaed during the structural adjustment
era. They fall from 150 00 tons in 1983 to lesstAA 000 in the mid-2000 representing less



than 1% of production (Deatti and Cornia, 2008)blRustocks are renewed by tender during
the first months of the year

Figure 1 depicts the evolution of millet price imtmain market of the capital city
(Katako) and the major market of the main produciagion (Maradi). Prices follow a
common ascendant trend punctuated by large positiveks. Most of the episodes of price
boom have been recorded after a rainfall defidiiswas particularly the case in 1997, 1998
and 2001. However Figure 2 evidences puzzling sims. For instance the most severe
rainfall deficit of the period that occurred in 8id not result in significant price increase in
1994. In the same way, prices did not rise afterdiought registered during the 2002 and
1989 rainy season. By contrast, the moderate ihidédicits recorded in 2001 and 2004

resulted in large price increases in 2002 and 2005.

Figure 2. Millet price shocks in Niamey (Fcga/kghdacumulated rainfall (mm)
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Price shock is the price deviation from trend atryte Cumulated rainfall is the cumulated level
of precipitation over the rainy season of yearit-the main agricultural areas (see below).

Mean cumulated rainfall on the 1989-2012 periodaési609 mm.

® Unfortunately, information on the level of pubiitocks and dates of operation is not available.



2. The rational bubbles model and test strategy

Considering millet as an asset we focus on a dpeat#ss of rational bubbles, the periodically

and partially collapsing bubbles and expose oursteategy.
2.1. Periodically and partially collapsing bubbles

In the standard asset pricing model assuming msitral stockholders and positive stocks, the

equilibrium price is given by a model of the forBilfa and Grossman, 1987):

E R = AR + X with A>1 (1)

whereP; is the millet price level in periodl E; is the conditional expectations operatg(R,,

is the expected price of millet in peribtll. x; is a forcing variable; it is an index that depends

on a vector of variables reflecting market fundatalsn

Equation (1) relates the current millet price t@ thext period’'s expected price,
variables determining fundamentals. It is a finstev difference equation ia. Given that the
eigenvalue of the systemi () is greater than unity, the forward-looking sabdatiof equation
(2) for P involves two component§; the market-fundamentals component 8nda potential
rational-bubbles component (Blanchard, 1979; Blandhand Watson, 1982; Diba and
Grossman, 1987, 1988).

R =B+F )

Under the assumption thBi(x.;) does not grow at a geometric rate equal or greate

thanA, F;is a convergent sum:
=E > (A"x,) (3)
i=0

The market-fundamentals component of the milletgrelates to the expected value
of the exogenous variables determining supply agmahd. In contrast to the fundamental
component, the bubble pam, is not stationaryB; is the solution to the homogenous

expectational difference equation:
EB.,~4B =0 (4)

If B; is different from zero there exists a rational lblebthat is self-fulfilling. The

conditional expectations of the bubble are expksiv



EB. =AB forall j>0 (5)

The presence of a self-fulfilling rational bubbleed not violate the no arbitrage
condition. The bubble is expected to grow at tltpiired rate of return.

Following Blanchard and Watson (1982) and Evan®91)9we focus on a class of
rational stochastic bubbles that periodically qudka and regenerate: the so called Periodically
Collapsing Bubble (PCB) given by (6a) and (6b):

B.., = ABU., ifBi<c (6a)
.2 . .
Bt+1 - 5+7__[9’(+1(Bt _A 5) ut+1 lf Bt >C (6b)

0 and @ are positive parameters.1 is an exogenous independently and identically
distributed positive random variable wilau.; = 1. & +1 takes the value 1 with probability

and 0 with probability 1, where 0 <7< 1.

The PCB process switches between two regimes depeaod the bubble being above
or below the threshold value

This bubble process satisfies equation (4) sineeeitpected growth rate of the bubble
is alwaysA. For B; < c the bubble increases slowly at mean raitef B; rises above the
threshold it expands faster at the mean Aat&, but may collapse with probability ¥z The
bubble grows at a higher rate during expanding ghds compensate the investor for the
possibility of collapse. When the bubble collapsesgrowth rate falls to a mean value &f

and the process begins again (Evans, 1991).

Thus, the advantage of this type of bubble is woant not only for occasional asset
price crashes but also for rapid run-ups in prlmefere a crash.
2.2. Test strategy

According to equations (2) and (4), the asset paaxpected to manifest explosive behavior
in the presence of bubbles. In the absence of ksglihke asset price is expected to be 1(0) or
I(1) depending on the properties of the fundamentislost empirical tests for bubbles are

based on the exploitation of these theoretical @rtogs of the asset price and fundamental.

Following the seminal work of Diba and Grossman84,91988) many authors have

attempted to establish the presence of rationablesbby conducting right-sided unit root

10



tests on the asset price and the observable fundahwm by testing cointegration between
these two variables (see Gurkaynak 2008 for a giwrowever as shown by Evans (1991),
Charemza and Deadman (1995) and Waters (2008 luret root tests are not able to detect
periodically collapsing bubbles that only exhiliiacacteristic bubbles properties during their
expansion phase. Standard tests for unit root aimdegration tend to reject the presence of

bubbles even when such bubbles are present (vadeN@nd Vigfusson, 1996).

The failure of this so called “conventional” tesgfirprocedure has led to the
development of two main alternative approaches tiaae higher power in identifying the
existence of bubbles. The first approach develdpeHall, Psaradakis and Sola (1999) relies
on Markov-switching unit root test. This test issbd on a Markov switching model allowing
for two regimes in the price process correspondiinthe expanding and collapsing phase of
bubbles. The second approach recently proposdehbljps, Wu and Yu (2009and Phillips,
Shi and Yu (2012, 2013a and 2013b) relies on reerdaDF unit root tests. This test
procedure aims at detecting periods of explosivebeur in the asset price and allows for
consistent dating of the beginning and end of #@asive phase.

3. Testing for regime switching: the Markov-Switchng unit root test

The conventional unit root ADF test clearly rejettte null of a unit root to the benefit of the

stationary alternative for all millet price seriésee table Al in the Appendix). This result
which is consistent with a stationary fundament@ue does not preclude the existence of
periodically collapsing bubbles. Indeed standard twot tests have little power to detect

bubbles of the PCB type that typically appear asigtary processes to standard unit root
tests.

In the presence of PCB, prices are expected tackvisetween two regimes: a non-
stationary regime corresponding to the expandiraselof the bubble and a stationary regime
corresponding to the collapsing phase of the bulileest for this type of nonlinearity in the
price process we implement the Markov-switching egted Dickey Fuller (MS-ADF) test
developed by Hall, Psaradakis and Sola (1999) wischased on a two state Markov-

switching model. The test equation is given by:

DR = fy1- )+ 4S +[5, 0= 8) + ASIRL + X Wo - 8) + 4, S bR, +[o,a-S) +aSe
with e, ~ N (0,1) (7)

11



whereS is a discrete-valued random variable that can takevalues (0 or 1). I§ = 0, the
process is in regime O; & = 1, the process is in regime 1. The random seppé€f} is
specified as a homogeneous Markov chain (see Hamilt994) with transition probabilities:

P{S=1S.=1}=p;P{S=0S.=1}=1-p;
P{§=08:1=0}=q;Pr{§S=1S:1=0}=1-q (8)
This specification allows all parameters, includthg variance of the residual term, to

vary according to the regime. The Markov-switchiAQF test is based on the t-ratios

associated with the maximum likelihood estimategyaind ;.

By convenience, the regime with the largest ADFfficient is set to be regime 1 and
the regime with the lowest coefficient is set torbgime 0. The millet price is expected to be
non-stationary with an explosive root in regimeBL X 0) and stationary in regime (< 0).
Therefore, the null hypothesgs = 0 andf, = 0 are tested against, respectively, the onadside
alternativep < 0 andp; > 0. Since the null distribution of the test satis is unknown,
simulated critical values are obtained by pararmoafly bootstrapping the null model

(corresponding t@o = 31 = 0) using the estimates g, L4, Yok Y1k 0o andoiy.

The results summarized in Table 1 evidence twordistegimes - a stationary (regime

0) and a non-stationary possibly explosive regiragitne 1). In the non-stationary regime the
coefficient 3, is positive in the majority of cases with t-statelmabove standard values.

Comparing the test statistics to bootstrap criticalues, the unit root null hypothesis is
rejected in favour of the explosive root alternatfer nine markets at the five percent level
and for one more market (Loga) at the 10% percerdll These markets include Maradi and
Zinder the most important markets of the main pobuiy area of millet. Regime 0 captures
the collapsing phase of bubbles. In this regimeuthie root null hypothesis is rejected against
the stationary alternative for all markets excepe Goudoumaria). The coefficiegh is

generally large in absolute value, indicating arglarrection in the millet price.

According to the transition probabilities, the siaairy state tends to be less persistent
than the non-stationary one. The expected duraifothe explosive regime is 9.5 months
while the expected duration of the collapsing regim shorter, equal to 4.1 months on
average. The stationary regime is also charactehgehigher volatility than the explosive

one meaning that sharp price corrections involgh Rolatility.

12



Table 1.

Results from the Markov-switching ADF test

Agadez Arlit Bakin Birni Danissa Diffa Dogon. Dosso Dungas Filingue Gaya Gothey. Goud. Goure  Katako Loga Maradi  Nguimi Tahoua Tchinta Tessa. Tillabe. Zinder

Regime 0 [0 -0.151 -0.064 -0.235 -0.281 -0.65 -0.211 -0.539 -0.133 -0.327 -0.573 -0.265 -0.260 -0.205 -0.513 -0.180 -0.250 -0.268 -0.128 -0.396 -0.213 -0.259 -0.112 -0.519

(-2.00) (-2.29) (-3.22) (-2.53) (-6.37) (-2.34) (-5.76) (-3.32) (-3.92) (-3.60) (-2.40) (-2.90) (-1.51) (-5.91) (-2.92) (-3.21) (-2.62) (-2.17) (-4.07) (-2.80) (-4.04) (-2.99) (-2.99)

o0 3.388 18.146  29.37 34.638 17.43 3131 15.713 22.324 30.021 39.435 42.258 38.537 46.576 15300 24.19 27.099 26,55 29.76 31.398 29.698 22.928 25.395 36.035

(29.15) (47.10) (40.61) (29.03) (9.11) (35.01) (9.87) (39.30) (40.68) (26.34) (32.70) (39.46) (27.83) (18.34) (30.89) (35.52) (30.18) (40.05) (33.16) (35.59) (37.82) (52.55) (28.33)

EdO 3.58 5.96 3.66 2.04 1.20 4.80 1.37 2.16 5.70 1.89 2.30 7.47 1.61 2.20 2.65 2.65 2.96 3.29 11.23 2.76 1478 4.15 3.10

P 197 186 144 158 119 201 123 168 134 161 176 206 169 143 188 145 152 226 180 192 146 169 164

obs 53 80 86 42 7 77 18 81 90 24 39 80 28 29 56 77 51 77 138 72 106 143 33

Regime1l f1 0.008 -0.001 0.056 0.010 0.045 -0.002 0.033 0.016 0.005 0.033 0.021 -0.062 -0.004 0.069 0.016 0.030 0.045 0.018 -0.027 0.013 -0.020 -0.014 0.028

(1.30) (-0.11) (3.41) (0.52) (1.92) (-0.31) (2.36) (1.98) (0.49) (2.22) (1.10) (-2.35) (-0.33) (4.75) (1.81) (1.70) (3.78) (1.51) (-1.37) (1.96) (-0.90) (-1.79) (2.30)

ol 2.03 1.083 6.71 6.783 11.75 9.58 10.205 4.688 6.920 12.828 10.384 10.611 8589  9.145 5.86 6.691 7.46 6.72 10.058 8.170 6.731 3.268 8.744

(11.84) (0.32) (18.49) (14.91) (40.29) (21.14) (34.04) (14.83) (22.32) (35.05) (30.11) (27.95) (23.14) (37.85) (18.89) (20.95) (20.04) (11.07) (31.09) (16.23) (23.67) (10.26) (33.56)

Ed1 8.62 2.97 6.42 6.80 15.92 10.38  10.59 3.06 8.84  10.00 8.30 14.64 7.45 11.76 7.52 5.14 9.82 471  23.33 4.93 19.32 2.75 15.49

P 133 137 96 110 111 137 120 143 94 137 127 118 127 124 153 122 114 144 147 144 78 142 112

obs 210 154 192 182 225 195 218 182 161 202 213 159 172 222 222 153 227 86 137 158 133 120 230

pll 0.721 0832 0.727 0510 0.165 0.785 0.272 0537 0825 0471 0566 0.866 0.380 0545 0.623 0622 0.662 0.696 0911 0638 0932 0.759 0.677

p22 0.884 0664 0844 0853 0937 0.898 0906 0673 0887 0900 0.880 0.932 0.866 0915 0867 0805 0.898 0.788 0.957 0.797 0948 0.636 0.935

LL -1123 -880 -1141 -884 -935  -1150 -934  -1031  -1040 -978  -1075  -1043 -849 -980  -1050 -932 -1088 -986  -1058 -970 -956  -1099  -1050

LR 136.37 170.49 156.36 177.50 106.85 163.00 130.30 158.19 133.05 151.39 121.69 182.67 159.30 15832 119.53 140.41 113.30 132,98 90.94 123.62 161.80 216.74

nb obs 278 234 278 224 232 272 236 263 251 226 252 239 207 251 278 230 278 263 251 230 239 263 263
Bootstrap critical values for ADF tests

Bo 1% -2.484 -2.672 -3.113 -2.657 -2.672 -2.535 -3.039 -2.810 -2.643 -2.928 -2.467 -2.821 -2.787 -2.866 -2.590 -2.567 -3.185 -2.876 -2.498 -3.036 -2.527 -2.788 -2.686

5% -1919 -2.166 -2.101 -1.858 -2.166 -1.969 -2.306 -2.013 -2.121 -2.234 -2.046 -1.921 -2.027 -1.910 -2.126 -1.916 -2.314 -1.884 -1.866 -2.227 -1.931 -2.031 -2.002

10% -1.593 -1.775 -1.801 -1.516 -1.775 -1.555 -1.967 -1.718 -1.780 -1.842 -1.784 -1.614 -1.750 -1.607 -1.825 -1.638 -1.986 -1.608 -1.567 -1.894 -1.641 -1.693 -1.687

B1 1% 2.602 2449 2703 2677 2449 2504 2216 2316 2487 2.694 2693 2936 2.793 2418 2766 2407 2197 2.815 2.836 2.053 2427 2.640 2.603

5%  1.822 1.758 1.900 2.104 1758 1928 1536 1.854 1.865 1.714 1.980 1.901 1958 1.845 2.106 1.913 1.793  2.031 1.883 1.571 1911 1.784  1.840

10% 1.576  1.407 1.593 1.762 1.407 1.604  1.331 1.513 1480 1.435 1.593 1.447 1.371 1468  1.857 1.582 1.425 1.767 1.647 1.232 1.615 1.445 1.487

t-ratio are in parenthesis

Critical values are obtained from parametric baafsting with 500 replications.

. Ecexpected duration of regime i. LL: log likelihdo

The lag lenglp is set to one. The intercept and the autoregregsivameter vary according to the regime.
LR: Test for regime switching. ddthe intercept, the variance and the autoregregsvameter are equal across regimes (Standard. Ah&)native: the intercept, the variance

and the autoregressive parameter differ acrossmeg{MS-ADF)
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As a by-product the MSM gives estimates of regim@babilities. As an illustration,
Figure 3 depicts the inferred probabilities of lgein each regime for the millet price in
Zinder. We consider that an observation belongshéo explosive regime if the smoothed
probability for this observation to be in the exgle regime is greater than or equal to 0.5.
According to this criterion we can locate each megjiand calculate corresponding mean
prices. We thus detect 11 explosive episodes imtitlet price in Zinder, occurring between
1996 and 2010. The periods of explosive behavioarraughly the same in other markets.
The number of observations in the collapsing regisngquite low so that coefficients might
not be accurately estimated. Most of collapsingseges are recorded from August to

November.

To sum up, according to the MS ADF test, nine to peice series present the two
main characteristics of periodically collapsing blds i.e. alternative periods of
explosiveness and collapse. By contrast, three gecies, Diffa, Gotheye and Tillaberi which
are stationary in both regimes, do not presentkaple characteristics. This is also the case
for Goudoumaria which appears to be a random wél avbreak in variance (non-stationary
process in both regimes). Results for the remaimimg markets are not conclusive. They
show strong evidence of a collapsing regime buhe non-stationary regime prices are not

significantly explosive.

Figure 3. Probabilities of expanding and collapsegimes in Zinder
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As shown by Shy (2010) the MS-ADF test is suscéptito false detection of

explosive behaviour in periods of high variance wiraposing a constant error variance in
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the MS-ADF. But when the error variance is allowedbe regime dependent the algorithm
may not converge well or converge to a local maxmPhillips, Shi and Yu, 2012). To

overcome these limits we use an alternative apprt@abdubble detection recently developed
by Phillips, Wu, Yu and Shi in a series of receapgrs. Their approach is based on a

recursive implementation of right-tailed ADF urgbt tests.

4. Testing for explosiveness: the generalized s¢yDF test

4.1. The test procedure

Phillips, Shi and Yu(2012), PSY hereaftethave developed amew method to test for

explosive behavior and date the origin and collagdeubbles. This method allows detection
of multiple bubbles of the PCB type in a sampleadakhe test procedure consists in
implementing recursive right-tailed ADF unit ro@sts on sample regression with varying

starting and ending points. Inference is basedergeneralized sup ADF (GSADF) test.

PSY (2012) testing procedure is an extension of Rhélips, Wu and Yu (2011)
approach which relies on aup ADF test (SADF). The SADF test is based on the
implementation of right-side ADF tests on a forwaxpanding sample sequence. The sup
ADF test has proved to have more power than conwamt unit root test in detecting
explosive behaviour but can be inconsistent whensdimple period includes multiple bubble
episodes (PSY, 2012). To overcome this drawbaok, RBY test procedure extends the
sample regression sequence to cover more subsamplé®e data with flexible window
widths. When the data include one or more bubbisoeles, the PSY dating algorithm gives
consistent estimates of the starting and endingtpoi

In the PSY testing procedure the null specificatisn a random walk with
asymptotically negligible drift given by:

v, =dT™ "+ Oy,_;+&, & ON(0, 02), 0=1 (9)

d is a constant, T is the sample size are1/2. The test regression is given by:
AYt = aT]_T'Z + ﬁrlrz)/t—i + Zi{=1 ‘//‘l;-l-rz Ayt—l + Et' gtNN(O’ 0—7?17"2) (10)

k is the lag order.ADFrlr2 Is the t-ratio statistic associated to regressib®).(The sample

regression starts from thg" fraction of the total sample and ends at tffefraction of the
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sample;ry, = rp - r1 is the fractional window size of the regressiorhe Thumber of
observations in the sample regressionljs= [Tr,], where [.] is the integer part of the
argument. The ADF test regression is run repeatedlya sample sequence. In this sample
sequence;, the starting point of the sample regression gdiem O tor, —ro andr, the end
point of the regression varies frorg to 1.r, is chosen according to the total number of

observations to insure that there are sufficieseoations in the initial regression.

The GSADF statistic, denoted GSAD§)(1is the largest ADF statistic over the sample

sequence.

GSADF(ro) = sup rzefro1] {ADFT? (11)
r1€[0,r2-70]

The asymptotic critical values of the GSADF statsstunder (9) are given by PSY
(2013, Table 1) fod = 7 = 1. They depend an, the size of the smallest window.

When implementing the GSADF test on the millet prgeries we set the smallest window
sizerp to 27 observations corresponding to about 12%tal bbservations. The lag ordeis
determined using the Schwarz information criteriballowing PSY (2012) we calculate the
finite sample critical value of the GSADF statidtiom 5,000 Monte Carlo replications.

To locate the bubble periods the date-stampingridiigo developed by PSY (2012)
consists in implementing a sup ADF test on a bactvexpanding sample sequence. In this
sample sequence the end point of the sample id &ike and the starting point varies from O

tor, —ro. The backward ADF statistic is IabeIBdlDFr?. Inference is based on the backward

sup ADF statistic which is the sup value BﬂDFr:Z on the sample sequence:
BSADF,,(ry) = Suprle[o,rz—ro]{BADFrrlz (12)

According to PSY (2012), the origination date dfubble [T7,] is the first observation with
BSADF statistic exceeding the BSADF critical valUderefore, the termination date of the
bubble[T7¢] is the first observation aftefT7,] + 0 log(T) with BSADF statistic below the
BSADF critical value. The minimum duration of thaklble is given by log(T). It depends
on the parameted which is set up by the analyst according to th&a deequency. The

fractional origination and termination points dbabble are given by:

fe = Infypepr0,1){12 : BSADF1, (1) > scvr@T} (13a)
7 = infrocfre+ stog(ry {72 : BSADFr(rp) < scvly} (13b)
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scy" is the 100(1 fr) % critical value of the sup ADF statistic based[or] observation

4.2. Test results

Implementing the GSADF test to the 24 millet priseries we find strong evidence of
explosive episodes in all markets except four: &iPogondoutchi, Gaya and Tillaberi (Table
2, column 1 and 2). Results are robust to diffetagtspecifications in the test regression. To
locate the explosive periods we compare the back8&DF statistic sequence with the 95%
BSADF critical value sequence (Figures are givethsappendix). The sequence of critical
values is obtained from Monte Carlo simulations hwB000 replications. Results are

synthetized in Table 3.

Five periods of explosiveness in millet prices iglentified in 1996, 1997, 1998, 2001
and 2005. In 1996 almost all price series of thmma experienced an explosive episode

during the hunger season. Most of these episo@esfahort duration, less than 3 months.

In 1997, 1998 and 2001 respectively 5, 8 and 9 etarkut of 24 have experienced
explosive episodes whose duration is greater oalegu3 months. These episodes generally
started in April and lasted until the arrival ofetmew harvest in September. The longest
periods of explosiveness occurred in 2005 whicthésyear of the great food crisis in Niger.
During that year prices in all markets except Dwsgscreased explosively. The explosive
phase started in March or April in Agadez, N'Guirian Issa and Filingue and lasted for 5
months. In Maradi also, the third city of Nigerthee centre of the millet growing area, millet

price started increasing explosively in March kartd shorter period (3 month).

Prices also increased explosively in Katako, thennmaarket of the capital city, in
June and July 2005. In July 2008, Katako experignarother short episode of price
explosiveness. This price spike episode which rsuanscribed to Katako, may be the
manifestation of the transmission of the price bammworld food markets to the capital city.

We note that the new price upsurge that occurr@®ir? cannot be classified as explosive.

Over the whole period some markets appear to bes mppomne to exuberance than
others. This is especially the case for N'Guigmatthecorded 21 months of explosiveness
during the 1990-2012 period. N'Guigmi has also egmeed the longer spells of explosive
behaviour (6 months in 1997, 7 months in 1998 anddhiths in 2005). The geographical

® The significance levefr depends on the sample sizand goes to zero as the sample size goes totjnfini
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situation of N’Guigmi may explain atypical behaviotl’Guigmi which is the capital of the
eponymous department is located in a remote aresagtern Niger close to the border of
Chad and Nigeria and about 1500 km from Niamey.ddamaria a rural municipality in the
same region than N'Guigmi also experienced longages of explosiveness during the 1998
— 2000 period. Dan Issa another rural municipab®® km East of Niamey, have known a

long period of explosiveness in 1996-1997

The markets of Agadez, Arlit, Maradi, Zinder andt&ea that are among the largest
urban markets of Niger also experienced frequentd aelatively long episodes of
explosiveness with cumulated duration over the s$anperiod equal to 15 to 11 months
(Table 3). Agadez and Arlit are the most importeities of Northern Niger. Agadez is 900
km distant from Niamey at the border of the Sahamd Arlit is about 200 km north of
Agadez, 170 km from the Algerian border. By corttr@snder and Maradi respectively the
second and third largest city are located in thgplea southern region. Maradi and Zinder

regions account for approximately 40% of the domestllet production (WFP, 2005).

By contrast, some large municipalities such as @Rsag Dosso and Loga have
experienced few explosive episodes and seem to heee less affected by speculation. This
is also the case for Tillaberi, Kirtachi and Tchipdaraden which are municipalities of lesser
importance. We note that except Niamey, the mualitips which have experienced the
lowest number of episodes of price explosivenessraainly located in the South-West part

of Niger while the most affected municipalities arg¢he northern and central part.

To sum up, periods of explosiveness in millet mican be found in most markets of
Niger. Interpreting explosive behaviour in pricesthe manifestation of speculative bubbles
depends on the properties of market fundamentdds. next section addresses the difficult

issue of estimating the fundamental value of millet

" Results for Goudoumaria and Dan Issa must intergraith cautious because of missing observatiorisglu

the period of apparent explosiveness that may htfeeted the test results.

18



Table 2. GSADF test results (t-stat)

Current prices

Bubble component

@) ) @3) (4)
Agadez 3.540 *** 3.539 *** 2.434 ** 2.332 **
Arlit 2.692 ** 2.692 ** 1.003 1.622
Bakin 3.262 *** 3.262 *** 1.701 1.619
Birni 2.833 *** 2.833 *** 1.262 1.054
Danissa 4.663 *** 4.663 *** 2.676 ** 2.724 **
Diffa 1.854 1.854 1.034 1.112
Dogondoutchi 1.888 1.888 -0.297 -0.429
Dosso 2.987 *** 2.987 *** 2.039 ** 1.701
Dungass 2.108 * 2.040 ** -0.151 0.869
Filingue 3.815 *** 3.815 *** 2.300 ** 2.181 **
Gaya 1.641 1.641 0.921 0.694
Gotheye 2272 ** 2.676 1.638 1.865
Goudoumaria 2111 ~* 3.020 *** 1.688 2.437 **
Goure 3.404 *** 3.410 *** 2.239 ** 2.275 **
Katako 4.549 *x* 4.549 *** 2.764 ** 3.254 **
Kirtachi 1.736 1.736 1.207 3.865 ***
Loga 2515 ** 2.512 ** 1.693 1.115
Maradi 2.426 ** 2.426 ** 1.595 0.951
Nguimi 1.980 * 3.506 *** 1.682 2.035 *
Tahoua 3.195 *** 3.197 *** 1.976 * 2.141 *
Tchinta 2.642 ** 2.642 ** 1.245 1.506
Tessaoua 2.931 ** 2.931 *** 1.100 1.439
Tillaberi 1.684 1.684 2.969 ** 2.309 **
Zinder 2215 ** 2.215 ** 0.918 1.315

*: significant at the 10% level;
(1) no lag in test regression

(2) (3) (4) (5) Lag length selection according t€ Smax 3 lags
(3): specific fundamental value
(4): fundamental value estimated on panel data Svitiarkets; regressors: Trend, cumulated rainfall,
rice price, exchange rate

Finite sample critical values of the GSADF testiaglaan explosive alternative:

90%: 1.915;

95%: 2.188;

**: significant de 5% level; ***: significant at the 1% level;

99%: 2.696

Monte Carlo simulated values with 5000 replicatiddample size: T = 265.
The random walk process undeyislgiven by:y, = T+ Via T &
Test regressions include an intercept.
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Table 3. Date-stamping explosive periods in théetngrice: the BSADF monitoring procedure

Region Department Market 1996 1997 1998 2001 2005 2008
start lengh  Start lengh start lengh Start lengh Start lengh Start lengh Total lengh

Agadez Arlit Arlit na May 3 May 1 March 5 July 2 11
Agadez Tchirozérine Agadez August 1 July 1 May 3 April 3 April 5 13
Diffa Diffa Diffa June 2 July 2 | June 1 July 1 6
Diffa Mainé-Soroa  Goudoumaria July 1 July 38 May 3 42
Diffa N’'Guigmi N'Guigmi July 1 June 6 |Jan 7 April 2 March 5 21
Dosso Dogondoutchi  Dogondoutchi May 2 April 3 na July 1 6
Dosso Dosso Dosso June 2 2
Dosso Gaya Gaya July 1 April 1 July 2 4
Dosso Loga Loga May 1 April 0 june 2 3
Maradi Tessaoua Tessaoua July 1 April April March 3 May 3 14
Maradi Madarounfa Maradi May 1 April 4 | April 4 March 4 April 3 16
Maradi Madarounfa Dan Issa May 16 August 1 April 5 22
Tahoua Birni N'Konni  Birni N'Konni July 2 | April 3 April 1 June 3 9
Tahoua Tahoua Tahoua August 1 July 1 | April 2 April 4 June 2 10
Tahoua Tchintaba Tchintabaraden | August 1 April 1 June 1 July 2 5
Tillabéri Filingué Filingué August 1 na March 5 6
Tillabéri Kollo Kirtachi August 1 1
Tillabéri Tillabéri Tillabéri June 2 2
Tillabéri Tillabéri Gotheye August 2 Feb 4 June 2 8
Zinder Gouré Gouré July 1 July 1 June April 3 7
Zinder Magaria Dungass June 2 July 1 3
Zinder Tanout Bakin Birji July 2 March July 2 7
Zinder Mirriah Zinder May 3 April 3 July 1 March 4 June 2 13
Niamey C.U.Niamey Katako August 1 August 1 May 3 March 5 June 2 july 1 13
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5. The fundamental value of millet

To take into account the evolution of market fundatals we follow the approach commonly
used to test for speculative bubbles on stock misrkecording to the basic asset pricing model
the fundamental component of stock price is thealiated value of expected future dividends.
Therefore, tests for speculative bubbles are baseghalysis of stationarity and cointegration of

stock prices and dividends.

Transposed to the millet market we estimate thatioziship between millet price and
observable fundamentals and investigate the dyngnaperties of the residual term which is
taken a measure of the potential bubble componttiieo millet price. The estimated model

includes all observable exogenous variables thatrsene millet supply and demand.

On the supply’s side, the level of precipitationgiothe rainy season catches climate
conditions which are the main determinant of millatvest. The price of oil which is considered
as a proxy for millet production costs has beerpthiced in the equation without sucées3n
the demand side, a trend variable takes into ad¢qoaulation growth. The world price of rice
catches possible substitution effects in consumptiodeed, rice is the main substitute to millet
in population diet and most of the rice consumedNiger is imported from the international

market.
The estimated equation is given by:

P =a, + a,CumulRaindll, + a,Rice+ a,ER +a.Trend+v,
(14)
Pt is the millet price on market at timet. Cumul rainfall is the mean cumulated level of
precipitation from May to October. It is calculated observations below 14 degrees latitude
which is considered as the limit of the main prdihrcarea in Niget Rice is the export price of
Thai rice’®. it is quoted in US DollarsER is the Franc Cfa to dollar exchange rate. Theditt

8 The domestic price of gasoline being unavailablecamrsidered the crude oil price as a proxy (Oit@is given
by the simple average of three spot prices; Datrethi3\West Texas Intermediate, and the Dubai FatdbhS

Dollars per Barrel. Source: IFS). It may explaia tion-significance of this variable in the milleige regressions

° Rainfall data come fron®lobal Air Temperature and Precipitation: Griddedokthly and Annual Time Series
(Version2.01)interpolated and documented by Cort J. Willmotd &enji Matsuura (with support from IGES and
NASA), University of Deleware. For more informatisee Legates et al. (1990a 1990b) and WillmottMatsuura
(1995). The data base gives monthly precipitatmrttie 1900-2008 period, interpolated to a 0.5 Byd&gree grid
resolution.

1% price of 5 percent broken milled white rice, Thad nominal price quote, in US Dollars per MetranT

21



value of P; is taken as a measure of the fundamental valumiltdt; the error termy; is the

apparent deviation of the millet price from its fiamental value at time

Equation (14) is first estimated for each markgtasately. However the main drawback
of this approach that consists in measuring themi@l bubble as the residual of the regression
of the asset price on observable fundamentalsatstiie fundamental value is driven by the price
process. Therefore explosive millet price may leadn estimated fundamental value artificially
explosive (Figuerola-Ferrest al. 2014). As a consequence, in highly explosive mtatkthe
fundamental value may catch part of price explos#gs and biases results toward low detection
of bubbles.

To reduce this potential source of bias, equatibf) (s, in a second stage, estimated
using a fixed effects panel data model. The masketple is then restricted to markets that do
not evidence non-linear behaviour according toMagkov-Switching ADF test results. These
markets are: Diffa, Gaya and Tillaberi. We thussider that the fundamental value for millet is
the same throughout the country up to a constan.t&stimation results for the panel data
model are given in Table 4. As expected, the cutadlaainfall level catching the millet supply
negatively affects the millet price while the prioerice and the exchange rate have expected

positive impact.

Table 4. Estimation of the fundamental value ofl@il

Dependent variable: millet price

Cumulated Rainfall -0.194
(0.000)
Rice price 0.070
(0.000)
Exchange rate 0.100
(0.000)
Trend 0.504
(0.000)
Cross-section fixed effect yes
Adjusted R-squared 0.683
No. of obs 795

Cluster robust standard errors. P-value in paresighe

As an illustration, Figure 4 shows the estimateaddamental component and the millet
price in Maradi. The deviation between the currpnte and the fundamental component

represents the potential bubble part. This figughlights five periods during which the millet

1 Estimation results of time series models for eignatl4) are not reported here.
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price in Maradi has risen far beyond its fundamlengédue : 1997-1998, 2001, 2002, 2005 and
2012.

Figure 4. Millet price and fundamental componentiaradi (Fcfa/kg)
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Then the recursive right-tailed ADF test is implereel on the estimated bubble
component of millet prices. Results are given iblda3. When the relationship between the
millet price and observable fundamentals is setifipgo each market (time series models, table
3 column 3), evidence of speculative bubble is tbumeight markets: Agadez, Dan Issa, Dosso,
Filingue, Goure, Katajo, Tahoua and Tillaberi (&ld, column 3). The bubble episodes are
recorded in 2005 at the end of the hunger seasdrdamot exceed three months. As expected,
when considering that the fundamental value is comto all markets (panel data model, table 3
column 4), the presence of bubble is detected targer number of markets (10 markets). As
previously observed the BSADF tests detect the daumbble episodes in 2005. Test results are
not presented here but an illustration is givefigure 5 which depicts the BSADF test statistic
and the bubble component of the millet price indkat The BSADF test also detects a bubble of
longer duration in Goudoumaria — from July 2000March 2001 — as well as a bubble episode
during the 1998 hunger season in N'Guigmi and géommne from July 2002 to September 2002
in Kirtachi.

It must be noticed that this procedure can brimgsiegative bubbles corresponding to a
sharp drop in the millet price under its fundamengdue. This is the case in 1993-94 in Maradi,
Bakin and Agadez at the time of the Fcfa devaluatithe millet price did not increase after the
devaluation, but remained at a low level. Such a®s are not considered as speculative
bubbles.

Paradoxically the estimated bubble component ofgvice series - Tillaberi and Kirtachi

- that are not explosive in level manifests expledsehavior. In these two markets, prices have
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risen much faster than apparent fundamental vaares the price spread increased in an

explosive way.

Figure 5. Backward ADF test sequence: bubble compiof millet price in Katako
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6. Discussion and concluding remarks

We have found evidence of two types of nonlineanitymillet price: in a large number of
markets millet price follow a two regimes processl ananifested explosive behaviour in
different periods of time. Periods of explosivenegse more frequent and larger in 2001 and
2005. However evidence for the presence of peradigicollapsing bubbles is weak. Most of
episodes of price explosiveness appear to be daydandamentals i.e. by large climate shocks.
2005 is the main exception. The great 2005 foaslcray partly be caused by abnormally high
millet price relative to fundamentals during thenbar season in Agadez, Katako and Tahoua

and five to eight other markets of lesser imponganc

The origin of the 2005 food crisis has been thgestt of a vast literature. According to
Cornia and Deotti (2008) the crisis not only restdlfrom a decline in food supply, the failure of
the institutions in charge of food aid managemaeit the failure of household’s entitlements but
also from abnormal behaviour on grain markets. at#nors registered during the 2004-2005
marketing year growing differences between prodacetr consumer prices and between prices
in small and large collector markets that they takeevidence of the realisation of abnormal
profit by wholesalers. Our econometric results thatnot reject the existence of millet price

bubbles in 2005 tend to confirm the speculativeireof the food crisis.

Of course our test strategy for speculative bubisiesibject to many limitations the main

one relating to the estimation of market fundamlenta our analysis fundamentals are mainly
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caught by weather conditions. The rejection ofgghesence of bubbles may result from omitted
variables and misspecification of the relationgbgtween prices and observable components of
market fundamentals. Moreover the join determimatd the fundamental value and the asset

price biases result in favour of a low detectioe 1@af bubbles.

Another limitation relates to the low frequencyaifr data. The PSY testing procedure
requires a minimum number of observations in th@pda regression. We set the minimum
sample size to about 12% of total sample whichwalkstimating parameters with relative
precision. But this minimum sample size might be targe to catch short lived intra annual

explosive episodes.

Ruling out the presence of millet price bubblesnlim@arity in price process may be
interpreted as the standard result of the commaddyage model (see for instance Deaton and
Laroque, 1992 and Ng 1996 for empirical tests). okdmg to this model commodity prices
follow a two-regime process depending on whetheembories are positive or null. In the
stockholding regime prices are driven by net supptyuding demand for speculative storage.
Inventories being costly, prices are expected $e with an autoregressive coefficient greater
than unity. Millet being generally held from onervest to the other the stockholding regime
should be the dominant one. In the stockout regthmexe is no profitable arbitrage opportunity
and the demand for inventories is null. The preel and the price volatility are expected to be
higher because inventories no longer play any sgmg role. In Niger, early stock liquidation

might explain short episodes of price spikes dutirgghunger season.

The results of the Markov switching model showinighler price level and higher
volatility in the non-explosive regime partly caspond to the predictions of the commodity
storage model. However the high degree of pricecutelation in this regime contradicts the
theoretical predictions according to which pricesdd be serially independent in the stockout
regime. Indeed it is a well-known weakness of ttaedard storage model of not being able to
reproduce the high autocorrelation observed in mostmodity prices. We note that Ng (1996)
tested the storage model predictions using a simp@roach - based on a SETAR model with
two regimes. She also found high persistency in dfoekout regime contradicting with the

theoretical model.

Whether price exuberance is the consequence ofudilling beliefs or the result of low
inventories is a difficult issue. DiscriminatingtiMeen these alternative but nonexclusive models
of price formation might be impossible without mopgecise price data and additional

information on stocks. Results plead for furthesegach to better understand intra annual price
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formation. They also plead for strengthening mankitrmation systems in developing countries
such as Niger. In particular the collection of higkquency data for instance weekly data would
be highly desirable.
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APPENDIX

Map 1. Market sample
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Markets list

AGADEZ

ARLIT

BAKIN BIRJI
BIRNI NKONNI
DAN ISSA

DIFFA
DOGONDOUTCHI
DOSSO
DUNGASS
FILINGUE

GAYA

GOTHEYE
GOUDOUMARIA
GOURE
KIRTACHI

LOGA

MARADI
NGUIGMI
NIAMEY
TAHOUA
TCHINTABARADEN
TESSAOUA
TILLABERI
ZINDER



Table Al. Millet price. Sample characteristics amit root tests

Market Mean Nb Period of observation ADF test [lag]
Fcfa’lkg Obs. na* start end t-stat [p]
Arlit 152 244 9 1990.02 2011.02 -4.744 [1]
Agadez 145 280 0 1990.01 2013.04 -4.964 [1]
Diffa 146 249 4 1990.01 2013.04 -5.104 [1]
Goudoumaria 131 215 11 1990.01 2008.10 -3.805 [0]
N’'Guigmi 158 271 8 1990.02 2013.04 -4.513 [0]
Dogondoutchi 120 244 7 1990.01 2011.01 -5.740 [1]
Dosso 150 265 0 1990.01 2012.01 -5.143 [1]
Gaya 134 254 0 1990.01 2011.02 -5.002 [0]
Loga 130 242 12 1990.01 2011.02 -5.791 [1]
Tessaoua 108 245 9 1990.05 2011.02 -5.632 [1]
Maradi 113 280 0 1990.01 2013.04 -5.243 [1]
Dan Issa 110 240 13 1990.07 2011.01 -5.213 [1]
Birni N'Konni 118 226 0 1990.01 2008.10 -4.979 [1]
Tahoua 152 279 1 1990.01 2013.04 -4.953 [0]
Tchintabaraden 156 239 14  1990.01 2011.01 -4.912 [1
Filingué 139 238 16  1990.01 2011.02 -5.537 [0]
Kirtachi 133 235 19 1990.01 2011.02 -5.791 [1]
Tillabéri 156 265 0 1990.01 2012.01 -5.667 [1]
Gotheye 147 247 6 1990.01 2011.01 -5.131 [1]
Gouré 125 253 0 1990.01 2011.01 -5.706 [1]
Dungass 108 253 0 1990.02 2011.02 -5.942 [1]
Bakin birji 103 280 0 1990.01 2013.04 -4.304 [12]
Zinder 118 265 0 1990.01 2012.01 -5.571 [1]
Katako 154 280 0 1990.01 2013.04 -5.687 [1]

Source: SIMA and authors' calculations.

na: number of missing values.

ADF test: H: 1(1) ; intercept and trend in test equation. lexggth selection: Schwarz Information
Criterion within the range [0, 12].
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Table A2. Main characteristics of markets

Region Department Market Type of municipality Ir(1irr1]a2bci)tﬂ1)ts Distance from Niamey
Agadez Arlit Arlit Urban, capital of Dpt. 107 180 806 km
Agadez Tchirozérine Agadez Urban, capital of Region118 519 740 km
Diffa Diffa Diffa Urban, capital of Dpt. 46 439 188 km
Diffa Mainé-Soroa Goudoumaria Rural 99 448 974 km
Diffa N’Guigmi N'Guigmi Urban, capital of Dpt. 4105 1192 km
Dosso Dogondoutchi  Dogondoutchi Urban, capitdbpf. 77035 208 km
Dosso Dosso Dosso Urban, capital of Region 87721 128 km
Dosso Gaya Gaya Urban, capital of Dpt. 54 865 K83
Dosso Loga Loga Urban, capital of Dpt. 84 624 (742
Maradi Tessaoua Tessaoua Urban, capital of Dpt. 19 589 636 km
Maradi Madarounfa Maradi Urban, capital of Region 00815 540 km
Maradi Madarounfa Dan Issa Rural 73 362 559 km
Tahoua Birni N'Konni  Birni N'Konni Urban, capital Dpt. 139 142 342 km
Tahoua Tahoua Tahoua Urban, capital of Region 5999 373 km
Tahoua Tchintabaradermchintabaraden Urban, capital of Dpt. 29934 478 km
Tillabéri Filingué Filingué Urban, capital of Dpt 69 342 161 km
Tillabéri Kollo Kirtachi Rural 33955 89 km
Tillabéri Tillabéri Tillabéri Urban, capital of geon 50 005 106 km
Tillabéri Tillabéri Gotheye Rural na 72 km
Zinder Gouré Gouré Urban, capital of Dpt. 65 987 884 km
Zinder Magaria Dungass Rural 97 247 786 km
Zinder Tanout Bakin birji Rural na 726 km
Zinder Mirriah Zinder Urban, capital of Region 2888 805 km
C.U.Niamey C.U.Niamey Katako Urban, capital of Nige 1 222 066
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Figure 1. Backward Sup-ADF test statistic
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Dungass
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