References
Akiyama, T., Baffes, J., Larson, D., Varangis, P. 2001. Commodity market reforms:
lessons of two decades. World Bank regional and Sectoral Studies, Washington, D.C.
Arango, S., Moxnes, E. 2012. Commodity cycles, a function of market complexity?.
Extending the cobweb experiment. Journal of economic behavior and organization 84
(1), 321-334.
Arango, S., Castañeda, J.A., Larsen, E.R. 2013. Mothballing in power markets: an
experimental study. From regulation to competition. Energy economics 36, 125-134.
Carlson, J.A., 1967. The stability of an experimental market with a supply-response lag.
Southern Economic Journal 23 (3), 305–321
Chamberlin, E.H. 1948. An experimental imperfect market. The journal of political
economy, 16 (2) 95-108.
Chiba, L.I. 2014. Pig nutrition and feeding. Animal Nutrition Handbook. Auburn
University - College of Agriculture.
Dean, G.W., Heady, E.O. 1958. Changes in supply response and elasticity for hogs. Journal
of farm economics 40, 845-860.
Deaton, A., 1999. Commodity Prices and Growth in Africa. The Journal of Economic
Perspectives,13(3): 23-40.
Deaton, A., Laroque, G. 2003. A model of commodity prices after Sir Arthur Lewis.
Journal of Development Economics, 71: 289– 310.
Estabrook, B. 2015. Pig Tales: An Omnivore's Quest for Sustainable Meat. First edition.
Norton and Company, Inc.
Fattouh, B. 2009. Basis Variation and the Role of Inventories: Evidence from the Crude Oil
Market. Oxford Institute for Energy Studies. WPM 38.
Forrester, J. W. (1961). Industrial dynamics. Productivity Pr; Student Edition.
Forrester, J. W. (1968). Principles of systems. Cambridge, EUA : Wright-Allen.
Franses, P,H., van Oest, R. 2004. On the econometrics of the Koyck model. Econometric
Institute Report 2004-07.
Frisch, R. 1933. Propagation problems and impulse problems in dynamic economics.
Economic Essays In Honour of Gustav Cassel.
25

Harstad, R., Martin, S., Normann, H.T. 1998. Experimental tests of consciously parallel
behaviour in oligopoly. In L.Philips, ed., Applied Industrial Organization, Cambridge:
Cambridge University Press.
Huck, S., Normann, H.T., Oechssler, J. 2000. Does information about competitors’ actions
increase or decrease competition in experimental oligopoly markets?, International
Journal of Industrial Organization, 18:39–57.
Huck, S., Normann, H.-T., Oechssler, J. 2002. Stability of the Cournot Process:
Experimental Evidence. International Journal of Game Theory, 31(1): 123-136.
Huck, S., Normann, H.-T., Oechssler, J., 2004. Two are few and four are many: number
effects in experimental oligopolies. Journal of Economic Behavior and Organization
53 (4), 435–446
Klein, L, R. Marquez, J. 1989. Economics in Theory and Practice: An Eclectic
Approach.Kluwer Academic Publishers.
Meadows, D. L. 1970. Dynamics of commodity production cycles. Cambridge, Mass.,
Wright- Allen Press.
Milgrom, R. J., Roberts. 1991. Adaptive and Sophisticated Learning in Normal Form
Games. Games and Economic Behavior, 3, 82-100.
Miller, R.M., 2002. Experimental Economics: How we can Build Better Financial Markets.
John Wiley and Sons, Hoboken, New Jersey
Nerlove, M. 1958. Adaptive expectations and cobweb phenomena. Quarterly Journal of
Economics, 72, 227–240.
Plott, C.R., Smith, V.L. (Eds.), 2008. Handbook of Experimental Economics Results.
North-Holland, Amsterdam.
Rodrigues, C. 2013. The Phenomenological Value of a “Vagabond” Approach to
Environmental Education. INTED2013 Proceedings: 929-934.
Sonnemans, J., Hommes, C., Tuinstra, J., Velden, H. 2004. The Instability of a
Heterogeneous Cobweb Economy: A Strategy Experiment on Expectation formation.
Journal of Economic Behaviour and Organization, 54 (4): 453-481.
Smith, V.L., Suchanek, G.L., Williams, A.W. 1988. Bubbles, crashes, and endogenous
expectations in experimental spot asset markets. Econometrica, Vol. 56, No. 5, 11191151.
26

United Nations conference on trade and development and Arbeiter kammer W .2011. Study
prepared by the secretariat of the United Nations Conference on Trade and
Development, New York and Geneva.

27

Appendix A: Equilibria derivation

𝐵𝑆 is Breeding Stock (Variable)
𝐿𝑃𝐻 is Litters per hog (Constant and equal to 0.17)
𝑃𝑆𝐿 is Piglets save by litter (Constant and equal to 7)
𝑊𝑆𝐹 is Weaning survival factor (Constant and equal to 0.7)
𝐿𝑊 is the hogs live weight (Constant and equal to 240 pounds or 108.86 in Kg)
𝐷𝑌 is the hogs dressing yield (Constant and equal to 0.58)
𝐻𝑜𝑔 𝐶𝑜𝑠𝑡 is hogs individual cost (Constant and equal to 11.84)
𝐸𝐶 is the market expected consumption (Constant and equal to 1000 pounds or 453.59 in
Kg)

Prerequisites
By assuming the market is in equilibrium, we can express the following relationships in the
supply side:
𝑀𝑎𝑡𝑢𝑟𝑒𝑆𝑡𝑜𝑐𝑘 𝐵𝑟𝑒𝑒𝑑𝑖𝑛𝑔𝑆𝑡𝑜𝑐𝑘
+
(1)
2
36
𝑀𝑎𝑡𝑢𝑟𝑒𝑆𝑡𝑜𝑐𝑘
𝑀𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 =
(2)
2

𝐻𝑜𝑔𝑠 𝑠𝑙𝑎𝑢𝑔ℎ𝑡𝑒𝑟𝑒𝑑 =

𝑀𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 = 𝐵𝑆 ∗ 𝐿𝑃𝐻 ∗ 𝑃𝑆𝐿 ∗ 𝑊𝑆𝐹 (3)

By replacing 3 in 2, we have:
𝑀𝑎𝑡𝑢𝑟𝑒 𝑆𝑡𝑜𝑐𝑘 = 2 ∗ 𝐵𝑆 ∗ 𝐿𝑃𝐻 ∗ 𝑃𝑆𝐿 ∗ 𝑊𝑆𝐹 (4)
𝐻𝑜𝑔𝑠 𝑠𝑙𝑎𝑢𝑔ℎ𝑡𝑒𝑟𝑒𝑑 = 𝐵𝑆 ∗ 𝐿𝑃𝐻 ∗ 𝑃𝑆𝐿 ∗ 𝑊𝑆𝐹 +

𝐵𝑆
(5)
36

Since the market is assumed to be in equilibrium, we can also establish the following
relationships on the demand side:
𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 = 𝑃𝑜𝑟𝑘 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (6)
𝑃𝑜𝑟𝑘 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = 𝐻𝑜𝑔𝑠 𝑠𝑙𝑎𝑢𝑔ℎ𝑡𝑒𝑟𝑒𝑑 ∗ 𝐿𝑊 ∗ 𝐷𝑌 (7)
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By replacing 5 into 7, we have

𝑃𝑜𝑟𝑘 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 = ( 𝐵𝑆 ∗ 𝐿𝑃𝐻 ∗ 𝑃𝑆𝐿 ∗ 𝑊𝑆𝐹 +
𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 = ( 𝐵𝑆 ∗ 𝐿𝑃𝐻 ∗ 𝑃𝑆𝐿 ∗ 𝑊𝑆𝐹 +

𝐵𝑆
) ∗ 𝐿𝑊 ∗ 𝐷𝑌 (7)
36

𝐵𝑆
) ∗ 𝐿𝑊 ∗ 𝐷𝑌 (8)
36

Joint Maximization equilibrium
Farmers’ profits are determined by the difference between the hog price and the hog cost,
multiplied by the number of hogs that were slaughtered in the farms.
𝑃𝑟𝑜𝑓𝑖𝑡𝑠 = 𝐻𝑜𝑔𝑠 𝑠𝑙𝑎𝑢𝑔ℎ𝑡𝑒𝑟𝑒𝑑 ∗ (𝐻𝑜𝑔 𝑝𝑟𝑖𝑐𝑒 − 𝐻𝑜𝑔 𝐶𝑜𝑠𝑡) (9)
𝐻𝑜𝑔 𝑝𝑟𝑖𝑐𝑒 =

−15,54 ∗ ( 𝐵𝑆 ∗ 𝐿𝑃𝐻 ∗ 𝑃𝑆𝐿 ∗ 𝑊𝑆𝐹 +
𝐸𝐶 ∗ 𝐷𝐶

𝐵𝑆
) ∗ 𝐿𝑊 ∗ 𝐷𝑌
36
+ 31,81 (10)

By replacing 10, 5 and including the value for 𝐻𝑜𝑔 𝐶𝑜𝑠𝑡 in 9, we have

𝑃𝑟𝑜𝑓𝑖𝑡𝑠 = ( 𝐵𝑆 ∗ 𝐿𝑃𝐻 ∗ 𝑃𝑆𝐿 ∗ 𝑊𝑆𝐹 +

𝐵𝑆
−15,54 ∗ ( 𝐵𝑆 ∗ 𝐿𝑃𝐻 ∗ 𝑃𝑆𝐿 ∗ 𝑊𝑆𝐹 + ) ∗ 𝐿𝑊 ∗ 𝐷𝑌
𝐵𝑆
36
)∗
+ 31,81 − 11,84 (11)
36
𝐸𝐶 ∗ 𝐷𝐶

By deriving 11 with respect to BS to find the maximum value for the expression, we have
1
𝑑𝑝𝑟𝑜𝑓𝑖𝑡𝑠
𝐵𝑆 −15,54 ∗ ( 𝐿𝑃𝐻 ∗ 𝑃𝑆𝐿 ∗ 𝑊𝑆𝐹 + 36) ∗ 𝐿𝑊 ∗ 𝐷𝑌
1
= ( 𝐵𝑆 ∗ 𝐿𝑃𝐻 ∗ 𝑃𝑆𝐿 ∗ 𝑊𝑆𝐹 + ) ∗
+ (𝐿𝑃𝐻 ∗ 𝑃𝑆𝐿 ∗ 𝑊𝑆𝐹 + )
𝑑𝐵𝑆
36
𝐸𝐶 ∗ 𝐷𝐶
36
𝐵𝑆
−15,54 ∗ ( 𝐵𝑆 ∗ 𝐿𝑃𝐻 ∗ 𝑃𝑆𝐿 ∗ 𝑊𝑆𝐹 + ) ∗ 𝐿𝑊 ∗ 𝐷𝑌
36
∗(
+ 31,81 − 11,84 ) = 0 (12)
𝐸𝐶 ∗ 𝐷𝐶

By replacing all the constants values in equation 12, we can know the value for BS that
corresponds to Joint maximization equilibrium
𝐵𝑆 = 1,9305 (𝑀𝑖𝑙𝑙𝑖𝑜𝑛𝑠 𝑜𝑓 ℎ𝑜𝑔𝑠)
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Nash Equilibrium
For this equilibrium we assume that, by definition, every market actor maximizes his own
profit assuming that the other players are going to do the same (Best response). Therefore,
the total market variation is the result of individual maximization. In mathematical terms
this is represented by
𝑑𝐵𝑆 𝑑𝑏𝑠
=
=1
𝑑𝑏𝑠 𝑑𝑏𝑠

Where 𝑏𝑠 is the Breeding stock of one player. Since we are considering 6 in the market we
have that
𝐵𝑆 = 6 ∗ 𝑏𝑠 (13)

By replacing 13 in 11, we have

𝑃𝑟𝑜𝑓𝑖𝑡𝑠 = ( 6 ∗ 𝑏𝑠 ∗ 𝐿𝑃𝐻 ∗ 𝑃𝑆𝐿 ∗ 𝑊𝑆𝐹 +

6 ∗ 𝑏𝑠
−15,54 ∗ ( 6 ∗ 𝑏𝑠 ∗ 𝐿𝑃𝐻 ∗ 𝑃𝑆𝐿 ∗ 𝑊𝑆𝐹 +
) ∗ 𝐿𝑊 ∗ 𝐷𝑌
6 ∗ 𝑏𝑠
36
)∗
+ 31,81 − 𝐻𝑜𝑔 𝑐𝑜𝑠𝑡 (14)
36
𝐸𝐶 ∗ 𝐷𝐶

By rearranging 14, we have
1 2 (−15,54 ∗ 𝐿𝑊 ∗ 𝐷𝑌)
) ∗
+ (31,81 − 𝐻𝑜𝑔 𝑐𝑜𝑠𝑡) ∗ 6 ∗ 𝑏𝑠
36
𝐸𝐶 ∗ 𝐷𝐶
1
∗ (𝐿𝑃𝐻 ∗ 𝑃𝑆𝐿 ∗ 𝑊𝑆𝐹 + ) (15)
36

𝑃𝑟𝑜𝑓𝑖𝑡𝑠 = 36𝑏𝑠 2 ∗ (𝐿𝑃𝐻 ∗ 𝑃𝑆𝐿 ∗ 𝑊𝑆𝐹 +

Where
36𝑏𝑠 2 = 6 ∗ 𝑏𝑠 ∗ 6 ∗ 𝑏𝑠 = 6 ∗ 𝑏𝑠 ∗ 𝐵𝑆 (16)

By deriving equations 15 and considering the best response requisite for Nash equilibrium,
we have
𝑑𝑃𝑟𝑜𝑓𝑖𝑡𝑠
1 2 (−15,54 ∗ 𝐿𝑊 ∗ 𝐷𝑌)
1
= 42 ∗ 𝑏𝑠 ∗ (𝐿𝑃𝐻 ∗ 𝑃𝑆𝐿 ∗ 𝑊𝑆𝐹 + ) ∗
+ (31,81 − 𝐻𝑜𝑔 𝑐𝑜𝑠𝑡) ∗ 6 ∗ (𝐿𝑃𝐻 ∗ 𝑃𝑆𝐿 ∗ 𝑊𝑆𝐹 + ) = 0 (17)
𝑑𝑏𝑠
36
𝐸𝐶 ∗ 𝐷𝐶
36

By finding the value for 𝑏𝑠 in equation 17, we have that
30

𝑏𝑠 = 0,5510
𝐵𝑆 = 6 ∗ 𝑏𝑠 = 3,3096 (𝑀𝑖𝑙𝑙𝑖𝑜𝑛𝑠 𝑜𝑓 ℎ𝑜𝑔𝑠)

Perfect Competition Equilibrium
For the players to not earn above the normal profit, the following condition must be
satisfied
𝐻𝑜𝑔 𝑝𝑟𝑖𝑐𝑒 − 𝐻𝑜𝑔 𝑐𝑜𝑠𝑡 = 0 (18)

Therefore, by replacing 10 in 18 we have

−15,54 ∗ ( 𝐵𝑆 ∗ 𝐿𝑃𝐻 ∗ 𝑃𝑆𝐿 ∗ 𝑊𝑆𝐹 +
𝐸𝐶 ∗ 𝐷𝐶

𝐵𝑆
) ∗ 𝐿𝑊 ∗ 𝐷𝑌
36
− 𝐻𝑜𝑔 𝑐𝑜𝑠𝑡 = 0 (19)

By finding the value for 𝐵𝑆 in 19, we have that
𝐵𝑆 = 3,8610 (𝑀𝑖𝑙𝑙𝑖𝑜𝑛𝑠 𝑜𝑓 ℎ𝑜𝑔𝑠)

Equilibria summary

BS

Number (in millions)

(Millions of hogs in the farms
of hogs)
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Profits

Joint

1.93

5.15

16.59

3.31

8.82

8.12

3.86

10.29

0.00

Maximization
Nash
equilibrium
Perfect
Competition

Appendix B: Instructions 3

3 We changed the term “hog” for “pig” and the term “breeding stock” for “livestock” to make the instructions

easier to understand, given that most of our participants were not native English speakers.
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Welcome! In this experiment you will play the role of a pig farmer. Every third
month you will make a decision that influences how many pigs you will have ready
for slaughtering at a later point in time. Your farm is one of six identical farms that
supply hogs to the slaughtering houses. Your goal as a manager is to maximize your
farm’s accumulated profits over a 16-year period. Your payoff depends on the
accumulated profits and can range from NOK 40 to NOK 500.

To help you manage, take a look at the computer screen and note the following
information. On the left-hand side you find information about your own farm. The
first item is the number of livestock, which is the number of sows (female pigs) that
can give birth to piglets (offspring). On average, each litter has 5.8 piglets (number
of siblings each time a sow gives birth). Each sow gives birth every 10th month.
The sows’ productive life is 3 years, after which sows are sold to a slaughtering
house.

The next item is the number of piglets up to the age of 10 months. Below that you
see the number of mature pigs between 10 and 12 months old. When these pigs
reach 12 months of age, they are either sold to a slaughterhouse or female pigs may
become livestock. To simplify, only pigs that survive birth and breeding are counted
for.

Then you get information about the number of pigs and livestock that are sold in the
last three-month period. Selling is automatic and happens exactly when pigs reach
the slaughter age. The marginal cost per pig increases with the number of pigs on
your farm, the number you see is for the last three-month period. The per unit cost
increases because your farm has limited room for pigs, and limited capacity for
feeding and cleaning. The below graph shows how the marginal costs vary with the
number of sows in the livestock.
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The rectangle with market information shows market prices per pig for the last three
months. The price varies with the number of slaughtered pigs that the slaughter
houses have in their inventories. When inventories are nearly full, prices are low.
This stimulates consumption of pork (pig meat) and help reduce inventories. When
inventories are low, prices are high and reduce the demand for pork. The below

Price ($/hog)

graph shows the exact relationship between inventory and price in this market.
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There is an immediate effect of price on consumption. The figure below shows the assumed
relationship between hog price and demand (a linear demand curve).
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Price minus marginal unit cost per pig gives the unit profit per pig sold. Total profits
for a sale is given by the average unit profit times the number of pigs sold. The last
piece of farm information shows the total profits earned over the last three-month
period.

Your decision is to set the desired number of livestock. Once you set the desired
livestock, it will take on average five months before the livestock reaches the
desired size and the sows begin to produce piglets. It also takes time to reduce the
livestock because pregnant sows will not be slaughtered before they have given
birth. You can set a desired livestock from 0 to 200 pigs.

Below the rectangle for decisions you see the accumulated profits for all years. It is
the accumulated profits in the last year that determines your payoff. Time is denoted
in years such that three months show up as 0.25 year.

On the right-hand side you see a tool that can help you make decisions about the
size of the livestock. You enter an assumption about the future price and the tool
calculates the profit maximizing sales from your farm. This calculation takes
account of the fact that marginal costs per pig rises with the number of pigs on your
farm. As a further help, the tool also calculates the needed size of the livestock to
reach the optimal sales numbers. Once you have entered a new assumption about the
future price, click on the button “Calculate” to see the new recommendations.
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Note that the recommendations you receive reflect your own assumptions about
what the future price will be, which in turn depends on how many pigs you and your
competitors sell to the slaughter houses.
Please use the answers sheet (columns for time period and desired livestock) to
record your desired livestock every time.
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Appendix C: Experiment interface 4

4 We changed the term “hog” for “pig” and the word “breeding stock” for “livestock” to make the experiment

more understandable, since most of our participants were not native English speakers.
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