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Abstract

A theory for the behaviour of cartels is advanced. The theory deviates from the received literature on three
main points: Cartel behaviour is derived from literature on human behaviour rather than from principles
of profit maximization, the theory focuses on commodity markets rather than being general, and it deals
with the timing of formation, break down, expansion and dissolution. The theory is stated formally in a
simulation model, which seems to replicate well the qualitative behaviour of cartels: Historical accounts
of the timing of cartel events lends support to the theory.

1. INTRODUCTION

Research on cartels in economic literature has been motived by efficiency losses to society. The starting
point has been assumptions about cartels as profit maximizing entities. No doubt, there are numerous
historical instances of high prices, high cartel profits and efficiency losses. However, there are also num-
erous examples of cartels that have broken down, cartel participants that have gone out of business for
ever, and participating countries that have inflicted upon themselves unbearable instabilities. In fact, the
general conclusion about cartels in commodity markets seems to be that théy do not last very long!.
These facts imply that it might be fruitful to view cartels from a new viewpoint: Not only as calculating
organizations that control the market, but also as reacting institutions that are at the will of the environ-
ment. This viewpoint does not at all rule out the profit motive. However, it introduces additional behav-
ioural factors such as expectation formation, faimess and misperception of feedback. Similarly, Pindyck
(1981) expresses the need to consider "myopic behaviour".

"Myopic" behaviour at the decision making level is indicated by the following two anecdotes. In 1922

the British Government and the Rubber Growers Association pressed for a cartel, in spite of recommen-

dations not to do so by the Stevenson Committee appointed by the Secretary of State for the Colonies,

Winston Churchill. Historians later call the decision a blunder. In 1979 the Oil Minister of Saudi Arabia,

Sheikh A. Zaki Yamani, said "this is the beginning of the end” when Opec decided not to counteract the

oil price escalations of 1979. The oil price collapse in 1986 probably represents what he was expecting.
&

This paper is not meant to deal with all types of cartels, Focus is on commodity markets where entry is
not restricted and where the returns to scale in production are not increasing. Under these conditions a
cartel comprising a given set of producers cannot make pure profits in equilibrium. Thus, equilibrium
analysis rules out profit maximization as a valid motive to form a cartel. However, there still remains
the possibility that such a cartel could make profits in a dynamic market with randomness or uncertainty.
Solutions to this problem are complicated and seems lacking even i economic literature?. Consequently,
cartels that want to optimize dynamically are faced with a bounded rationality problem. Therefore our
focus on commodity markets should give the best chance of finding evidence of practical rules-of-thumb
(heuristics) for cartel behaviour, other than those that follow from overall profit maximization. For
markets with increasing returns to scale, barriers to entry, and greater concentration, profit maximization
seems to be a more likely proposition. However, this does not necessarily rule out the possibility that
the behavioural rules discussed in this paper still play some role. To avoid misinterpretations, it is im-
portant to be aware that most of the literature on cartels seems to address the lattér type of markets. Note
also that our assumption about low concentration implies that we will not assume that all producers
participate in the cartel, a competitive fringe exists.

The second section of the paper presents behavioural theories that underlay our explanation of the
following four cartel acts: Formation, breakdown, expansion, and dissolution. We propose that:
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- Cartels are likely to form when the market price falls below a desired price.

- Cartels are the more likely to break down the lower capacity utilization gets.

- A cartel is likely to be expanded after it has broken down.

- Cartels are likely to be dissolved when capacity utilization returns to a normal level.

1t is not straight forward to test these propositions. In section two various sources of prior information
are used to develop and discuss the propositions. In section three a formal model is constructed to ensure
consistency between relationships and time behaviour. The mathematical model also serves to make
explicit all the assumptions that are made. In section four the time behaviour of the model shows quali-
tative similarities with historical accounts. Simulations demonstrate that the proposed rules for cartel
behaviour tend to stretch the length of time between price peaks in cyclical commodity markets. The
effects on stability and profitability depends on parameters chosen for the decision rules. Finally, in
section five empirical evidence on the timing of formation, breakdown, expansion and dissolution are
collected for a few markets. The data are mostly favourable to our propositions.

2. FORMATION, BREAK-DOWN, EXPANSION, AND DISSOLUTION

We split the producers into a cartel core and a competitive fringe. An expansion of the cartel implies that
the fringe joins the core. We will not discuss who belongs to the core and who belongs to the fringe. For
our purpose it suffices to say that producers are different, and that there are members in both categories.
We do not explicitly deal with new substitutes; however they could be thought of asBelongmg to the
production of the fringe.

The propositions below strike a balance between simplicity and realism. Although not reported here,
numerous ideas have been tested and discarded or accepted by simulation models similar to the one pre-
sented in the next section. The propositions describe probabilistic events.

The question of when cartels are formed is neglected in economic literature. For markets where cartels
are permanent, the question is irrelevant. For commodity markets with coming and going cartels it seems
most relevant.

Proposition for the formation of cartels:

Cartels are likely to form when the market price falls below the desired price, where the desired price is
influenced by historical prices.

The proposition is based on arguments about problems, opportunity and misperception of feedback.
First, what problems could cause a cartel to form when prices fall? For producers, lower prices represent
a threat if they-have engaged in massive borrowing for new investment. For countries and wage earners,
dwindling exports and incomes cause stress?, Tt also seems likely that prices falling below expectations
are frustrating to producers, confer literature on mental accounting, see Thaler (1980) and Tversky and
Khaneman (1981).

Secondly, the opportunity for cartel formation at falling prices seems to be provided by people’s notion
of faimess. Kahneman, et al. (1986) and Gorman and Kehr (1992) find through surveys that people seem
to accept that transactors have an entitlement to the terms of the reference transaction and that is is fair to
cover increasing costs. Another opportunity for cartel formation lies in the mutual desire for stability by
producers and consumers, allowing producers to reduce capacity utilization.

Thirdly, since unsuccesful cartels are known to have been formed in spite of advices not to, it secems
pertinent to ask if misperceptions influence decisions. There is a growing literature on misperceptions
in dynamic systems indicating that salient cues close in time and space are relied on instead of complete
models and uncertain information. In our case, this means that prices above equilibrium are perceived to
be sustainable. Long-term supply and demand responses are under-estimated. Evidence of this effect can
be seen in forecasts based on adaptive expectations or trend-extrapolation; methods that typically lead to
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over-optimistic forecasts for the period after a price peak®. :

Breakdowns of cartels have been studied as functions of market parameters like concentration, demand and
supply elasticities, Eckbo (1976), in the tradition of oligopoly theories based on static equilibrium
concepts e.g. Cournot and Stackelberg. While such studies indicate expected efficiency and length of
cartels, they do not explicitly deal with behavioural.- aspects. Much theoretical literature on collusions
deals with what Stiegler (1964) calls "secret price cumng and retahalory price reductions. Green and
Porter (1984) argues, in light of uncertamty, that "price wars" are needed to give cartel participants
incentives to cooperate. Our focus is on breakdowns due to external competition (in this paper by the
fringe).

Proposition about breakdown of cartels:
Cartels are the more likely to break down the lower capacity utilization gets.

The proposition is that if the cartel breaks down, it is due to unbearable problems, it is not a well plan-
ned act following a long-term strategy. Below a certain utilization, the core cartel will find it better to
compete on price, hoping that the fringe joins the cartel, than to accept further possible reductions in
utilization or market share. Osborne (1976) writes, in a paper mostly on internal cartel problems, that: "I
can find no record of a cartel which died of internal problems alone, but plenty which fell to new substi-
tutes.” This does not mean that we totally ignore internal competition. Insufficient output reductions are
likely to cause prices to erode. The proposition is also meant to explain the breakdown of an expanded
cartel.

Proposition about expansion of cartels:

A cartel is likely to be expanded after it has broken down (or after the threat of a breakdown has become
overwhelming} and prices have eroded to an acceptable level.

After a breakdown of the cartel with core producers, the fringe faces the choice between fierce price com-
petition due to the existing over-capacity, or cooperation with a certain reduction in utilization. This
choice is fairly simple, given the availablity of institutions, because competition means low or negative
profits while cooperation ensures a positive margin on the commodities sold.

The core members might feel that the fringe has a moral obligation to join the cartel and will accordingly
try to put pressure on the fringe to join. Fringe members might also feel that they are responsible, after
all the breakdown is due to their expansion, albeit a predictable expansion. That faimess might play a
role in these cgnsiderations is indicated by Selten (1987) who concludes that equity considerations have a
strong influence on observed payoff divisions in coalition bargaining in experimental games. In the light
of the findings of Kahneman, et al. (1986), it seems likely that actions to reduce losses would be deemed
fair after a breakdown.

Due to the bad experience with high prices causing the core cartel to break down, it is likely that both
the fringe and the core will be averse against too high prices in the inimediate future. This explains the
required price erosion, for expansion to take place, in the proposition above. Finally, cartels might be
expanded even though a breakdown of the core does not take place. Low capacity utilization among core
members poses a serious threat to the fringe, and might motivate the fringe to join the cartel without a
breakdown.

Proposition for the dissolution of cartels:

Cartels are likely to be dissolved when perceived capacity utilization approaches 100 percent after an
extended period with lower utilizations.

When utilization returns to a normal level, one might think that a cartel raises prices rather than dis-
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solving itself. We argue that the cartel members neither are particularly interested in higher prices nor
will a price rise be well perceived by buyers. "Mental accounts”, Thaler (1980) and Tversky and
Khaneman (1981), which are low on utilization and market shares, imply that cartel members want to
compete for market shares. Kahneman, et al. (1986) and Gorman and Kehr (1992) find that it is judged
unfair to increase prices, even if there is a demand pull. Thus, overt actions by the cartel to raise prices
from a low level are likely to be deemed unfair. Actually, perceived growth in utilization signals better
prices anyway.

If the cartel is not overtly causing prices to increase, an act we assign low probability for our type of
cartels, why do episodes with high prices occur? First, prices might rise because of covered actions by
the potential cartel members. One could ask if a purpose of the Yom Kippur war in 1973 was to escalate
oil prices, or if the war was used as an excuse to limit oil supplies and to cover up a price rise’. Another
covered action could be to delay increases of supplies in periods were demand is perceived to grow faster
than expected. Secondly, prices could increase due to exogenous-events such as frost damage of agricul-
tural products and unexpected business cycle variations in demand. Thirdly, prices could rise due to cyc-
lical tendencies of commodity markets. This represents the approach taken in the next section where a
cartel is put on top of a dynamic commodity market model.

3. CARTEL MODEL

The propositions of the previous section are formalized below. To save space most parafeters are not
assigned names. The parameter values are chosen roughly to mimic the sugar market. %

As mentioned above, we build a cartel on top of a structural commodity market model, which has been
used extensively, see e.g. Meadows (1970), Adams and Behrman (1976), and Labys (1973). This model
is characterized by a static demand function, a delayed supply response, and price given by the adequacy of
inventories. Different from the original model, suppliers are split into core producers, ¢, and fringe pro-
ducers, f. These two are supposed to be of equal size initially. Production, g, for each producer, i, is the
product of capacity, k, and utilization, u.

gi =kj uj (i=c,f) ¢y

Capacity increases with yearlings, y, and is reduced by scrapping after 3 years on average. Initial
production capacity is 100 units for each producer.

dk; .

T =Vvi-ki3 @
"Yearlings” (mixture of sugar cane and sugar beet) are given by a 0.8 year delay of planting, n:

d .

&= @i-yDos ®

The basic determinant of planting is the difference between desired capacity and actual capacity, k. Desired
capacity is given by current capacity times a price effect with an elasticity of 0.4, set to calibrate cycles

-in a market without cartels. Planting aims at closing the gap between desired and actual capacity in 2
years. To enable equilibrium when the gap is closed, scrapping, k/3, has to be made up for. A max-func-
tion ensures that planting does not turn negative at low prices.

nj = max( 0, (kip>? - k)2 + kif3)-(0.5+0.5u;) @

The chosen investment function is of a neoclassical type®. In addition to the standard function, capacity
utilization, u, is allowed to influence planting. Planting is reduced by half the reduction in utilization9,
Demand or consumption, z, is given by an equilibrium demand of 200 units times a price effect with a
price elasticity of -0.2. The price expression is a consumer price including refining, transportation, and
distribution costs of 1 currency unit, divided by the initial consumer price (1+1). In addition demand is
multiplied by a random variable, v, which might be thought to represent all exogenous randomness in
the market.
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-0.2

z=20(_)(%:—}- -v ®

Inventory, s, is given by:

S -z - ®
Price is given as a function of desired inventory equal to initial inventory of 50 units divided by actual
inventory raised to the power of 3. This effect is supposed to work only on a fraction of total costs (1-
0.2), somewhat larger than capital costs. The number 0.2 represents a lower limit for prices and is some-
what below operating costs. A min-function ensures that prices never exceed 3 currency units. The para-
meters chosen make the price equation mimic price development in sugar and rubber markets under influ-
ence of cartels, sce Moxnes (1990). It might seem a little odd that the adequacy of inventories is assumed
to determine prices even when a cartel is operating. However, our focus is on production quotas, and then
the adequacy of inventories remains an important indicator of (spot) price. Anecdotal evidence support
this view!0, , ’

50, 3
p=min(3,0.2 + (1-0.2)(?) 0]

This concludes the description of the standard commodity market model. Desired utilization by the
cartel, ujd, is given by price, p, relative to desired price, pd raised to the power of o, reflecting the
strength of the cartel. The core (0c=3) is assumed to react stronger than the fringe (af=1.5). The
reductions only take place if the producers participate in the cartel , cj=1. Otherwise, ci=0, utilization
equals one. A min-function ensures that atilization stays below 1. Anecdotal evidence of quotas that are
adjusted upwards if prices increase is presented by Stocking and Watkins (1947) for the sugar cartel in the
early 1930°s (the Chadbourne Plan).

o
ujd =min( 1, (1-cp) + ¢j (‘p%) l) ®

Normally capacity utilizations, u;®, are adjusted after a delay of 1.0 year, accounting for inherent delays
both in the decision process and in the adjustment of production.

dy;

& = (g -uf)/10 ©)
However, we assume that a certain fraction of core members (fc5=0.2) can operate as swing producers and
adjust utilization immediately according to desires. The fringe is assumed to have no swing producers
(£5=0).

& ui= S ud+ (150 (10)

The desired price is assumed to be shared by the two sets of producers (this assumption is only of any
importance when they cooperate). It is formed as an adaptive expectation; it follows the actual price after
a delay of T years. A conservative attitude is ensured roughly by a min-function limiting price desires to
2.5 currency units.

%“f = min(25.p) - pdye | an

The price desire is assumed to react asymmetrically to price rises and declines. When the price is higher
than the desired price, the adjustment time is 0.5 years. When prices are below desired prices, the time
delay is 2 years, unless there has been an episode of cartel breakdown during the last two years. Then the
adjustment time is 0.5 years. In equation 12, m¢ measures the memory of a breakdown, being 1 at the

time of the breakdown and e-1 after two years.
0.5, p>pd
1=40.5, p<pdand mc2e1 (12)
2.0, pSpd and me<e™!

Participation in the cartel is denoted by the discrete variable cj, cj being either 0 or 1. According to the
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discussion in the previous section, participation changes through cartel formation, fj, breakdown, bj, or
dissolution, d;. Expansion is represented by cartel formation by the fringe, ff:
&:.
&-1= fi-bi-dj 13)
Formation for the core can only take place when there is no cartel (c;=0). With this logical restriction,
the core forms a cartel when the difference between desired pd and perceived price pP is greater than 0.25
currency units and break down has not taken place over the last two years (mc>e'1), or if the fringe parti-
cipates (cf=1). The parameter dt represents the time step when the model is simulated using a simple
Euler method.

{l/dt, cc=0 and (((pd-pP)>0.25 and m¢e>e-1) or cp=1)

fe= ' .
0, otherwise

Formation, breakdown and dissolution should ideally be viewed as stochastic events rather than determin-
istic ones. This could have been achieved by using stochastic processes instead of constants such as 0.25
in equation 14. The cartel breaks down if there exists a cartel (cj=1) and capacity utilization ug is less
than 0.65.

(14)

{mn, ce=1 and u¢<0.65
be =

1
. 0, otherwise _ ¥ (15)

The cartel can only be dissolved when there exists a cartel (cc=1). Dissolution takes plac'e when utiliza-
tion, ug, is greater than 0.95 and uc is greater than a more distant reference for utilization uf.

. = r
i ={1/dt, ce=1 a.nd uc>0.95 and uc>ug a6
0, otherwise
Perceived price pP is a 0.3 year delay of actual price, p. This delay represents the time needed to sort out

lasting movements in prices and to agree on cartel formation. The reference utilization uc! is a 3 year de-
lay of actual utilization.

W o-pPy03 an
I
& (- uch)3 as)

Formation, ff, for the fringe (expansion) takes place if the fringe does not already take part in the cartel
(ce=0), if the price is below an upper limit of 1.4 currency units, and less than 2 years have passed since

a breakdown of the core cartel (m¢>e” 1).
5 _{I/dt, cf=0 and p<1.4 and mc>e'1

19
0, otherwise )

Breakdown, by, of the fringe s participation takes place if the fringe participates (cg=1) and the core parti-
cipation breaks down, be=1/dt. Similar assumptions are made for dissolution, df.

1/dt, cg=1 and be=1/dt

bf={ =" ancbe @)
0, otherwise
1/dt, ce=1 and de=1/dt

af={ R @1)
0, otherwise

Finally, the memory, mg, of core cartel breakdown increases to 1 if the core cartel breaks down (be=1/d1).
Otherwise the memory fades away with a time constant of 2 years.

dmg {(l-mc)/dt, be=1/dt

_ : @)
dt -mg/2, otherwise
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4. MODEL SIMULATIONS L

The model is simulated using a time step of 0.1 year. The model starts in initial equilibrium, and the on-
ly disturbance is the random variation in demand, see figure 2 (it starts out with a step of 0.12 after half a
year). Figure 1 shows an example of typical behaviour produced by the model. After the initial increase
in demand, the price increases rapidly, and the price desire follows shortly. When the price drops, the des-
ire stays high causing a cartel with core producers to form. The initial effect is a price increase, followed
by an erosion of the price due to insufficient reductions in capacity utilization. After about 5 years the
cartel breaks down, and the fringe producers participate in an expansion. The expanded cartel is dissolved
when perceived utilization approaches 100 percent. Later in the same simulation the core producers again
form a cartel. However, this time the price is fixed at a lower level. The cartel does not break down. Note
that the two core cartel formations lead to higher prices in the short run, however lower than the preced-
ing peak prices. This signals an important distinction, cartel formation is motivated by falling prices,
while the results of cartel action might be increased and maybe overshootmg prices, partly due to compli-
cated dynamic control!1,

0 g \/\f\./\-/\/
L_,‘A// W Utilization! core
0.5
1.0 A~ AN
Utilization i fringe
0.5 - -
2.0 .~ Desired price
1.0
Price

0.0

0 10 20 30 Year 40

Figure 1:  Example of typical cartel behaviour arising from the model.

After 40 years ; the core has lost 15 percent of its initial market share. The core gets only 15 percent of
the total net pfroﬁls (not discounted). While the core gets only short term benefits from defending a
high price, it might be profitable to prevent prices from falling below costs. At this price level the fringe
has no incentives to expand capacity.

Figure 2 shows a comparison between the cartel model and the traditional commodity market model,
both being driven by the same randomness in demand. The competitive model shows cyclical tendencies
of the same shape and duration as observed in the sugar market during the period from 1955 to 1984, see
Moxnes (1990). The period length of the cartelized market is clearly much longer than in the competitive
market. This is explained by the introduction of a positive feedback loop through price, desired price,
utilization and production when the cartel operates, in a model otherwise dominated by negative (equili-
brating) feedback. Interesting to note is that while the period of commodity cycles is sensitive to con-
struction delays and lifetimes of capital, simulation experiments indicate that the length of a cartel cycle
seems to be less so.

Over the 40 year period cartel producers together make 12 percent higher total net profits than the compe-
titive producers. However, the core producers come out with 66 percent less than what they would have
earned under free competition. The cartel leads to more stable prices than the competitive market, with
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indices!3 of stability of respectively 7.8 and 11.4. These numbers depend on model parameters.

12 'lr/\/\/w\'«"*;\\h PUNENPN J\J\/

0.9 Randomness inidemand

Price jcompetition

0 10 20 30 Year ~v40
Figure 2:  Comparison between price development for a market with cartel formations and a
market with competition, the randomness in demand is the same for both markets.

5. TIMING OF HISTORICAL CARTELS

Time-series data available are not sufficient to test all relationships and parameters of the modell4, Here
we will see if historical accounts of the conditions for cartel events correspond to the conditions of the
propositions. If for instance a formation of a cartel took place in a period with declining prices, this is in
accordance with the theory (1 point for the theory). If a cartel was formed in a period with constant or

Table 1: Historical cartel episodes. F-formation, B-breakdown, E-expansion, and D-dissolution. 1
denotes that conditions coincide with propositions, 0 that they do not.

Period F B E D Membership M.Share%
Sugar* .

1926-28/29-30 1 1 1 Cuba ) 20
1930-37 1 9 countries 4526
1937- 21 countries 88
Rubber*

1920 1 1 25
1922.28 1 1 British Colonies 71554
1933-.44 1 1 5 countries

Nitrate* _ : .

1919-30 1 1 Chile 46—23
1930-31 1 1 Many

1932- ) More

Aluminium* :

1896-1901 1 0

1901-08 1

1923-31 1 1 Not all

1931- ) All important

Tin+

1930- 1

Summary 8/8 3/3 5/6 3/3

Sources: * Stocking and Watkins (1947), *+ Hexner (1945).
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increasing prices, this data point contradicts the theory (0 point for the theory). For this test we need data
both about market conditions and about cartel events.

The condition for core cartel formation is price decline. The condition for break down is low capacity
utilization (or data for loss of market share). The conditions for expansion are either break down or low
capacity utilization (threat of break down). Finally, the condition for dissolution is recovering utilization.
Table 1 summarizes the findings. The historical records do not invalidate the propositions. Only in one
event have we found conditions that are contradictory to what the theory predicts. Measurement errors and
possible misinterpretations of the data imply that the conclusion is not as certain as the scores indicate.

In addition we note that the model simulations seem to mimic typical cartel behaviour, sec e.g. Moxnes
(1990) for data on a few commodity markets. The oil market might serve as an illustration. The last 20
years of figure 1 resembles development from 1947 to 1973, and the first 20 years resembles develop-
ment since 1979. See also Morse (1986).

6. CONCLUSION

We have advanced a theory for cartel behaviour in commodity markets. Based on this theory, it seems
that better understanding of market behaviour, acknowledging that cartels might cause both profits and
problems, could help prevent the most destabilizing cartel formations.

NOTES

The original research for this paper was supported by Statoil, Norway, sec Moxnes (1990).

1 See e.g. Eckbo (1976) p.44.

2 Dynamic optimization involves the timing of reactions by competitors and consumers, leads and
lags in capital and employment adjustments, inventory adjustments, and even resource dynamu:s

3 Sece. g. Danielsen and Kim (1988) for the same observation.

4 Stocking and Watkins (1947) write: "The natives [Cuba] danced 'the dance of the millions', as the
boom was popularly termed”,p. 30. When sugar prices later fell, there was a popular demand for
price increases among Cubans.

5 See e.g. Proffitt and Gilden (1989), Sterman (1989a, 1989b), Brehmer (1989), and Domer (1980).

6  Meadows (1970) refer studies where adaptive expectations are found, Sterman (1987) and Frankel and

Froot (1987) find trend-extrapolations with a certain tendency towards equilibrium values.

7 The answer is largely no since reported Opec desires for price increases in the years before 1973 were
typically 1 1éss than five percent of the price escalations that followed the war.

8 See Jorgénson (1963), Jorgenson and Stephenson (1967) and Mass and Senge (1978) on formulation
and empirical justification.

9  Incaseof prorationing the effect of utilization would be reduced. We ignore that excess capacity by
core members might serve as a deterrence against entry, see e.g. Lieberman (1987).

10 Stocking and Watkins (1947) view stocks as an important factor for price determination in a cartel-
ized sugar market: "Stocks accumulated steadily - and their growth contributed to an almost
unbroken decline of prices”, p. 28. They also indicate that the Aluminium Alliance of 1931 was
aware of the importance of stocks for price development: "With excess stocks thus ‘frozen’, a similar
device for regulating prices in the ordinary course of business came into play”, p.264.

11 The feedback loop through inventory, price, utilization, and production produces cycles with periods

- of a few years and with little dampening.

Total net profits are the sum of yearly profits pg; - 0.4q; - (1-0.4)k;, where 0.4 is operating costs.

13 The index accumulates Ip-pl where dpt/di=(p-p7)/25.

14 We do not attempt to estimate the probabilities for cartel actions to take place at various conditions.
For instance we will not look at all situations with price declines and estimate the probabilities of

cartel formation. Without such estimates, the model is lacking with respect to predicting develop-
ment.
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