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Is local participation always optimal for sustainable action? Here, Local Agenda 21 is a relevant case as it
broadly calls for consensus-building among stakeholders. Consensus-building is, however, costly. We
show that the costs of making local decisions are likely to rapidly exceed the benefits. Why? Because as
the number of participants grows, the more likely it is that the group will include individuals who have
an extreme position and are unwilling to make compromises. Thus, the net gain of self-organization
should be compared with those of its alternatives, for example voting, market-solutions, or not mak-
ing any choices at all. Even though the informational value of meetings may be helpful to policy makers,
the model shows that it also decreases as the number of participants increase. Overall, the result is a
thought provoking scenario for Local Agenda 21 as it highlights the risk of less sustainable action in the
future.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

One main offspring from Rio 1992 was the UN action plan
“Agenda 21”. The implementation of Agenda 21 was intended to
involve action at international, national, regional, and local levels.
Thus, local community participation is the cornerstone in the so-
called Local Agenda 21 or “LA21”. Here, national and state gov-
ernments have legislated or advised that local authorities take
steps to implement the plan locally (UN, 2009).1

Our main research question is whether local participation is al-
ways optimal for sustainable action. The fundamental insight of the
paper is local participation may, in fact, not always improve decision
making on sustainability issues and, in particular, regarding the
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asserted importance of local decision makers’ involvement in the
process of implementing sustainability issues under LA21.

Thus, theory may challenge the LA21 view by arguing that the
costs of self-organization are often ignored and no alternative costs
considered. This is a missing link in the literature as previous au-
thors have mainly focused on the benefits from local participation.
McKenzie-Mohr (2011) reviews the literature and lists actions that
can enhance sustainable behaviour on the local community basis by
using marketing tools to encourage positive social change. At least
three main advantages from citizen participation in government
decision making can be found. First, it is argued that participation
leads to a stronger democracy where formulated policies are more
realistically grounded in citizen preferences. Second, local partici-
pation means higher legitimacy and fewer conflicts so that the
public is more likely to accept the tough decisions that government
has to come up with. Third, generating new information for deci-
sion makers increases the quality of political decisions and boosts
efficiency gains (e.g., Rosenström and Kyllöen, 2007; Irvin and
Stansbury, 2004).

Our model challenges the second and third point above in
the issue of sustainability and agenda 21. We analyse under
which circumstances a voluntary formed group will achieve
consensus over providing a public goods (interpreted as a

Delta:1_given name
Delta:1_surname
mailto:usb@sam.sdu.dk
mailto:gts@ps.au.dk
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jenvman.2013.07.020&domain=pdf
www.sciencedirect.com/science/journal/03014797
http://www.elsevier.com/locate/jenvman
http://dx.doi.org/10.1016/j.jenvman.2013.07.020
http://dx.doi.org/10.1016/j.jenvman.2013.07.020
http://dx.doi.org/10.1016/j.jenvman.2013.07.020


U.S. Brandt, G.T. Svendsen / Journal of Environmental Management 129 (2013) 266e273 267
sustainable action), and thereby overcome the free riding
problem.2

Regarding the second point that local participation implies
fewer conflicts, our model shows that in a cost-benefit setting, the
costs for participants of reaching a consensus might be higher than
the benefits to the individuals, implying that participant will not
reach a consensus.

This leads us to the third point mentioned above. In this context,
chapter 28 of Agenda 21 stipulates that Local officials should con-
sult citizens and community, business and industrial organizations
to gather information and build a consensus on sustainable
development strategies. This consensus would help them re-shape
local programmes, policies, laws and regulations to achieve Agenda
21 objectives. The process of consultation would increase people’s
awareness of sustainable development issues.

The language calls not for consensus per se but consensus
building. We interpret the movements towards consensus as a
proxy for the information value that the process generates for the
local officials and thereby can characterize the information that the
local policy-makers are able to extract from this process. We also
derive conditions under which the information content actually
falls. This happens in case of a breakdown where participants
choose more extreme positions than their initial position.3

Overall, the literature does not undertake a more comprehen-
sive cost-benefit analysis, which is strongly needed to grasp the full
picture of local participation in sustainable action, defined as any
initiative that reduces current resource usage for the sake of pro-
ducing more resource availability for future generations.

In any case the individuals are motivated to participate if they
conceive a net benefit from participation. The starting point is that
citizens’ willingness to contribute to a public good (or here, will-
ingness to sacrifice consumption to increase the consumption
possibilities of future generations) vary from very low to very high
(e.g., Ostrom, 2000). However, compared to the classical public
good provision, the marginal per capita return (MPCR) (the rate
that the contributor receives back from the last contributed unit) is
very low. This is so because the benefit from the public good is for
the future generation. Second, since the future generation is not yet
born, it cannot punish the non-contributor. Several studies of public
good provision games show that lowMPCR and lack of punishment
options are the main reasons for low contribution together with
large group sizes (Chaudhuri, 2011; Poulsen, 2009).

The implication is that individual citizens have no or very small
incentives to act sustainably. Moreover, group size and social
interaction matter when struggling to overcome the collective ac-
tion problem.4 Hence, an obvious way to increase contribution is for
citizens to generate the necessary common understanding to
overcome the individual incentives of non-contribution.5 Accord-
ing to public choice theory, however, it does not follow that perfect
consensus, both on the desire for reaching a specific goal and the
most efficient means of obtaining it, will always bring about the
achievement of a group goal, such as providing sustainable action at
2 Focus here is on local participation, where sustainable behaviour could mate-
rialize through neighbourhood initiatives (e.g., parent involvement in local school
affairs), influencing workplace social movements (e.g., social networks like Face-
book groups) or developing local network enterprises. Relevant issues could be
energy savings, local initiatives for greening the economy, buying goods that are
produced in a sustainable manner, or even local support for development projects
in least developed regions.

3 We are grateful to an anonymous referee for making this point.
4 See e.g., Olson (1965), Ostrom and Ahn (2009), Chaudhuri (2011) and Brandt

and Svendsen (2011).
5 Sugden (1984) observed that if sufficiently many participants meet and act in a

sustainable way, a tipping point is reached after which the provision of public goods
becomes the norm in society.
the local level. Mancur Olson invented the modern concept of free
riding, defining it this way: “.rational, self-interested individuals
will not act to achieve their common or group interests. Those who
do not pay for a collective good cannot be excluded from
consuming it” (Olson, 1965, 2). This means that economically
rational agents may not pursue the collective interest of providing
sustainable action at the local level as rational individual behaviour
does not lead to rational group behaviour. Even if the total benefits
by far exceed the total costs of achieving a common goal, it does not
follow that collective action occurs (Svendsen and Svendsen, 2004).
Olson’s theory of collective action has been called “the central
subject of political science” (Ostrom, 1998, 1).

In line with the free rider argument in Olson (1965), we propose
yet another reason why contribution from a group tends to fall
when an extra participant joins in. The argument is that the more
participants, the more likely the groupwill include individuals who
hold extreme positions and are inflexible and not willing to make
compromises.6 Individual citizens enter the meeting, but their
behaviour is guided by cost-benefit considerations. Benefits from
participating, broadly speaking, emerge from reaching a common
understanding of the level of contribution and partly from the
contribution itself. The costs to a citizen arise partly from moving
away from his or her preferred position and partly from opportu-
nity costs from participating in the meeting. It is assumed that
citizens keep on participating as long as their estimates of costs and
benefits from further participation encourage them to do so. Irvin
and Stansbury (2004) have argued that public participation may
have benefits that outweigh the costs under certain conditions. We,
however, add to this literature by introducing a formal group dy-
namics model to analyse under what conditions benefits outweighs
costs of such a policy.

A key issue is the way participants interact in order to approach
an acceptable situation for every participant. Gabbey (2007) pro-
vides a good description of the group dynamics. The starting point
is that a given participant’s instantaneous position is subject to
change under the influence of three separate forces: (i) the self-bias
force, (ii) the group influence force, and (iii) the information flow
force. According to Gabbey (2007), a participant’s natural prefer-
ence can often be assumed to be fixed. If a participant’s position
shifts from a natural preference because of group pressure or new
information, he or she will experience a psychological force that
resists this change, referred to as self-bias force. The more a person
is committed to its natural preferences, the more difficult it be-
comes to shift the participant away from it. The group influence
force is the total force acting to change a given member’s position
through the influence of the other group members. Such a force is
often asymmetric and, among others, depends on relative status,
control of resources, expertise and charisma, and personal rela-
tionship. Other types of forces are persuasive efforts: respect,
reputation or personal integrity, friendship or animosity. The last
force is the information flow force, which measures the effect of
incoming information of a participant’s current position. A key
parameter here is the “contextual sensitivity”which measures how
a participant responds to new information that challenges his or
her initial position.

As in Gabbey (2007), we consider situations where it is not
possible to affect peoples’ natural preferences. However, participants
can be moved away from this position to round-specific positions.
The more a person is committed (to his or her own preferred posi-
tion), the more difficult this process is. Following Coenen (2009),
6 Brandt and Svendsen (2009) provide another analysis where the extreme po-
sitions of players affect the outcome of an interaction between fishermen and
biologists.



Fig. 1. The move of position in a two-participant situation.

8 Since we only consider changes in position in a given period, the arguments in
the B and C functions are all in changes as well (with the exception of Pi ). In (1),
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Gabbey (2007), and Irvin and Stansbury (2004), we develop a social
interactionmodel for reaching consensus among local participants in
Section 2. In Section 3, we derive the main results regarding condi-
tions for consensus, while the analysis of the information content is
done in Section 4. Section 5 gives the conclusion.

2. A social interaction model for reaching consensus

The point of departure is that when people interact, they in-
fluence each other in ways that make their positions converge. The
aim of the “meeting” is to agree upon how many resources the
group is willing to allocate to future generations. Essentially, the
issue concerns an agreement about the provision of a public good
for the future generation. Because of the complexity of group dy-
namics, we make a number of simplifying assumptions that
structure the problem sufficiently, keeping in mind that the model
still provides important information about the nature of local
participation. Themain driving force to engage in themeetings is to
reach a consensus: What establishes the right solution is what the
group agrees upon. Hence, the right number of resources for future
generations is determined by the group’s shared understanding of
what the group can agree upon. Therefore, the quality of the de-
cision is measured by the probability of reaching consensus.

The fundamental behavioural assumption is that participants’
positions converge according to the prescribed groupedynamic
interaction. At the end of a round, all participants announcewhether
or not to continue to the next round. If at least one participant an-
nounces that he/she will not continue, the process stops, and the
participants are asked whether or not they wish to accept the cur-
rent position, otherwise the process continues. Finally, the partici-
pants are motivated by self-interest, as explained formally below.

Formally, the set of participants is denoted I ¼ {1,2,/,n}. Let
rounds be indexed by t ¼ 0,1,2,/. Participants are equipped with a
fixed initial position, denoted Pio, which measures their initial
willingness to contribute to the collective and sustainable good.We
assume that positions are located between 0 and 1, where 0 means
no contribution and 1 means some well-defined upper limit. In the
process of interaction, forces like persuasion, willingness to make
compromises, or group pressure push each participant’s actual
position away from Pio towards Pit in round t, which we will
comprise in individual cost and benefit functions.

The process of convergence of the participants’ current positions
in ways that respect the group dynamics needs to be formulated. A
simplifying assumption throughout the analysis is that the proba-
bility of consensus is determined solely by the difference between
the two extreme positions (Pmax

t is denoted the highest and Pmin
t the

lowest contribution in round t) around the average position of the
participants: Pdift ¼ Pmax

t � Pmin
t . Let the probability of consensus in

round t be probconst . We assume that vprobconst =vPdift < 0, that is, the
smaller the distance between the positions of the twomost extreme
positions around the averagepositions of the participants, the larger
the probability of consensus. In what follows, the following
normalization will be convenient: probconst ¼ 1 if Pdift ¼ 0 and
probconst ¼ 0 if Pdift ¼ 1. We also define the probability of a break-
down in a given period as probbdt ¼ 1� probconst .

We here present the functional linear relationships between
probconst and Pdift that we apply in our simulations.7 In this partic-
ular case, probbdt ¼ Pdift , the probability of a breakdown is equal to
the difference in the two opposite extreme positions.

We can also derive the expected contribution in a given round (if
this round will be the final round) as EðContÞ ¼ probconst $

PI
i¼1 P

i
t .

The average contribution in a given round is EðConA
t Þ ¼ EðContÞ=n.
7 We could also apply a non-linear relationship, e.g., a logistic function.
In our presentation, we focus on changes in positions in a round.
DPit ¼ ðPit � Pit�iniÞ is defined as the change in position in round t

from the initial position Pit�ini to the announced position Pit . P
jþ
t is

defined as the initial positions in round tof participants placed to the

right of the average of the initial positions of this period, while Pj�t
are the initial positions to the left of the average of round t. (The

averageposition in a given round is defined as PAt ¼ 1=I$
PI

i¼1P
i
t�ini).

Since this might turn out to be a rather complicated process, we
propose that in a given period, participants are grouped into those
with positions lower than period (initial) average (j�) and those
with positions above the average (jþ). To ease notation, we however
suppress the “þ”and “�“ signs and always consider that a DPt is a
movement towards the average contribution.

Our fundamental behavioural assumption is that participants
behave in a tit-for-tat manner. We formulate this as a friendliness
assumption: In each round t, a friendly move is given by a move-
ment towards the average position in that round. A friendly move is
reciprocated by all other participants by a subsequent move to-
wards the average. This is shown in Fig. 1. A movement of partici-
pant i in round t towards the average is followed by a movement of
participant j towards the average as well.

Further, we need to explain the dynamics towards consensus in
such a group by specifying the net benefit for the participants from
moving towards consensus and the dynamics describing how in-
dividual participants react on the other participants’ moves. We
should keep in mind the fundamental trade-off a participant faces
whenmoving away from his or her preferred position. It is costly to
this participant, but on the other hand, it also provides benefits: The
expected benefit is that such a move will have a positive influence
on the other participants’ willingness to move away towards the
initiating participant’s position.

The assumed behaviour of the participants is to maximize their
net benefit in each period, bymaking an optimal choice ofDPit . They
are, however, also concerned about consensus and the total size of
the contribution. This behaviour implies that a participant shows
willingness to participate as long as total net benefit from the
meeting remains non-negative. Therefore, the participants are
willing to continue even though, on themargin, continuation yields
a loss to this participant.

Finally, to put some more structure on the process, we require
that

Assumption A1. if DPdift ¼ 0, then the process stops in this round.

Assumption A2. In case of breakdown, the participants remain at
the position they had in the last round.

Note that in case of breakdown, A2 requires that participants
remain at the end position. In Section 4 we consider other possible
reactions among participants in case of breakdown.

The net benefit function for participant i from changing his or
her position in period t by DPit, which we consider in its general
form, is given by8:
t�ini
we only include the effect of a participant’s own change. As will be seen in the two-
participant example below, the other participants’ actions are captured be the re-
action functions that link the net benefit functions together.
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NBit DPit ¼ Bit Dpconst DPit ; Cont DPit �cit Pit�ini;DP
i
t �FCi
� � � � � � �� � �
(1)

where we always define changes as movements towards the
average contribution. Assumed is:

vBit
vDPconst

> 0 (1a)

vBit
vDCont

> 0 (1b)

A participant can benefit in two ways from moving their own
position towards the average position. The first part of the benefit
function captures that such a move increases the probability of
consensus. The secondpart captures that the participants also benefit
from the increase in the overall expected contributions, which is
positively affected by a participants’ move towards the average po-
sition. The expected change in the contribution level is given by:

DCont

�
DPit
�

¼
2
4Dpconst

�
DPdift

�
DPit
��

$
XI
j¼1

Pit
�
DPit
�35 (2)

and consists of two elements. The first shows that the change in Pit
affects the probability of consensus (through the friendliness
assumption), and the second part shows that such a change also
changes the position of the other participants.

DPdift ¼ DPdift

�
DPit
�

(3)

The friendliness assumption implies that:

dDPdift

dDPit
> 0 (4)

dCont

�
DPit
�

dDPit
¼ dPconst

dDPdift

$
dDPdift

dDPit
$
XI
j¼1

Pit
�
DPit
�
þ Pconst $

0
@1þ

X
jsi

dPit
�
DPit
�

dDPit

1
A> 0

(5)
dB1t
�
DP1t

�
dDP1t

¼ b11
dDpconst

�
DP1t

�
dDP1t

þ b12
"
dDpconst

�
DP1t

�
dDP1t

�
DP1t þ DP2t

�
DP1t

��
þ Dpconst

�
DP1t

�
$

 
1þ

dPD2
t

�
DP1t

�
dDP1t

!#
Hence, since we always define changes as movements towards
the average contribution, such a movement always implies that the
total contribution increases.

It follows from (1a), (1b), (4) and (5) that:

dBit
�
DPit
�

dDPit
¼ vBit

vPconst
$
dPconst

dDPit
þ vBit
vCont

$
dCont

dDPit
> 0 (6)

Regarding the cost function used in (1), cit ¼ citðPit�ini;DP
i
tÞ.

Essentially, this cost function is intended to capture that the further
away a participant is from the initial position, the more costly an
9 When making the simulation, we will, however, sidestep this assumption
slightly.
additional move away from this position will be.9 Formally, this is
described by:

v2cit
vDPitvP

i
t�ini

> 0 (7)

This implies that (1) exhibits a fundamental asymmetry be-
tween the way benefits and costs are experienced. In any period,
where a participant is not at the initial position, it will be costly to
this participant. On the other hand, benefits are only experienced
by additional changes in position compared to the previous period
which is in the line of Gabbey (2007). The implication is that if
status quo occurs in a given period, and a participant has moved
away from the initial position (when arriving at this period) will
result in a negative net benefit in that period.

Regarding opportunity costs, participation is obviously time-
consuming and represents real costs. We assume that these costs
are the same in each round for a participant, but they are not
necessarily identical for different participants.

We apply a linear net benefit function of the following type:

NBit
�
DPit
�

¼ bi1$Dpconst

�
DPit

�

þ bi2$

2
4Dpconst

�
vDPit

�
$

0
@vDPit þ

X
jsi

DPjt
�
DPit
�1A
3
5

� ci1$
����Pi0 � Pit�1

����� ci2$
�
DPit
�2

(8)

Now, we are in the position to make more specific interferences.
We first look at a two-participant linear example, with participants
1 and 2. Focussing first on the benefit function and participant 1, we
have that

B1t
�
Dpconst

�
DP1t

�
; Cont

�
DP1t

��
¼ b11$Dpconst

�
DP1t

�
þ b12$

h
Dpconst

�
DP1t

�
$�

DP1t þ DPjt
�
DPit
��i

Differentiating with respect to DP1t yields:
Consider first dDpconst ðDP1t Þ=dDP1t and let P20 > P10 :
We have that:

DPdift

�
DP1t

�
¼ P2t�ini � DP2t

�
DP1t

�
�
h
P1t�ini þ DP1t

i
The tit for tat behaviour is embodied in the reaction functions.

We use the following reaction function:

DP1t DP2t
� � ¼ g12$DP2t

DP2t ¼ g21$DP1t

We let 0 < gij < 1, such that the reaction function implies that a
movement towards the average of another participant is recipro-
cated by amovement in the direction of the average (but less than 1
to 1). We assume linearity, but g12 s g21 is a possibility.



Fig. 2. Convergence for a two-participation model.
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Inserting DP2t ðDP1t Þ ¼ g21$DP1t gives:

DPdift

�
DP1t

�
¼ P2t�ini � g21$DP1t �

h
P1t�ini þ DP1t

i
Rearranging

DPdift

�
DP1t

�
¼ Pdift�1 �

�
1þ g21

�
$DP1t

dDpdift

�
DP1t

�
dDP1t

¼ �
�
1þ g21

�

Linearity is assumed, such that

Dpconst

�
DP1t

�
¼ 1� DPdift

�
DP1t

�
And it follows that:

dDpconst

�
DPit
�

dDPit
¼
�
1þ g21

�

Inserting all this into the differentiated benefit function yields:

dB1t
�
DP1t

�
dDP1t

¼
�
1þ g21

�h
b11 þ b12

�
DP1t þ g21

�i

þ
�
1þ g21

�
$DP1t $

�
1þ g21

�
The cost function is given by:

cit
�
Pit�ini;DP

i
t

�
¼ ci1$

����Pi0 � Pit�1

����� ci2$
�
DPit
�2

The first part of the cost function captures that cost increases,
the further away the participant is positioned from his or her initial
position (assuming a linear relationship). The second part captures
that any movement away from the position of the last period is
costly and increasing with distance. This second cost type only
occurs in one period.

We are now in the position to derive the convergence process by
using the above specification. Since participants are assumed to
optimize, we can find the first order condition for optimality.
Differentiating the net benefit function with DPit yields:

dNB1t
�
DP1t

�
dDP1t

¼
�
1þ g21

�h
b11 þ b12

�
DP1t þ g21

�i
þ
�
1þ g21

�
$

DP1t $
�
1þ g21

�
� 2ci2DPit ¼ 0

From this, we find the optimal change in position in any round
as a function of the parameters:

DP1t ¼ b12$g21

2c12
ð1þg21Þ � b12 � �1þ g21

� (9)

The values of gij,ci,bi determine the speed of convergence and
the net benefit in each round. For a given gij, the larger the ratio bi/
ci, the more likely that consensus is reached. Fixed costs do not
enter the convergence process but are relevant for the decision to
participate. The consequence is that FCi is simply an additional cost
borne by each participant in each additional round and will
therefore reduce each period NB and thereby the likelihood of
consensus.

In the example given in Fig. 2, the process stops in round 7. Here,
the probability of consensus is 0.89, and the expected contribution
is also 0.89. Note that if the participants continue another round,
the expected contribution will increase to 0.98. This will not
happen, however, since the participants would then receive a net
loss from participating. This example shows the fundamental
trade-off that the participants face.

From (9), several results can be deduced. First of all, an increase
in g12 increases the amount that a participant is willing to move in
each round, which shows the reciprocal nature of the process.
Second, an increase in c12 reduces the movement and an increase in
b11 increases the movement towards the average position. In gen-
eral terms:

dDPit
dbi1

> 0;
dDPit
dci2

< 0;
dDPit
dgji

< 0

Regarding the length of the arrangement (i.e., the number of
rounds), the probability of consensus, and the expected contribu-
tion, we can make some changes in the parameters to obtain
further insight in these effects, which are presented in Table 1.
Focussing on the expected contribution, it should be realized that
any change in the parameters implying a slowing of the conver-
gence process also implies a lower expected contribution due to the
presence of the fixed opportunity cost and the reciprocal nature of
the response functions.
3. Increasing the number of participants

This section is devoted to the question of the effects of
increasing the number of participants. To keep the analysis trac-
table, we will not make formal derivation of the participants’
response function in this section, but instead assume that the
participants follow a “rule of thumb” dynamics described as
follows:

DPit ¼ git$

 
bi

ci

!
$
�
Pt�1 � PAt�1

�
(9a)

where we have that

bi ¼ bi1 þ bi2

ci ¼ ci1 þ ci2

PAt ¼ �1
n

�
$
P

Pit�ini

git ¼ ai$

P
j
gi
t�1

n ;cai > 0; t > 0

(9b)

Expression (9a) captures the essence of (9). The response
parameter git has, however, been changed. This function captures



Table 1
The two-participants example.

Parameter value Last round before
breakdown

Pdift Probability
of consensus

Expected
contribution

Fig. 2 7 0.11 0.89 0.89
(g21[) 6 0.06 0.94 0.94
(c21[) 8 0.43 0.57 0.57
(FC1[) 5 0.3 0.7 0.7
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the essential behaviour observed in experiments with public goods
provision games (Ostrom and Ahn, 2009). Each player (participant)
starts out with a positive move (i.e., a move towards the average
position) depending on his/her initial type (the gi

0’s). Hereafter,
players to a more or less extent act as reciprocal players. If suffi-
ciently many contribute relatively small amounts, the other players
also respond by contributing less. Here, the observation from
Ostrom (2000) is that some people continue to contribute a great
deal while others quickly begin to contribute very little. This effect
is captured by the ai’s. An ai < 1 implies that this participant tends
to respond less and less (unless the other participants increase their
response very much) while a ai > 1 implies that this participant
tends to respond more and more (unless the other participants
reduce their response very much).

The participants are still assumed to have the net benefit func-
tion as prescribed by (8), and their behaviour is still to continue to
as long as the total net benefit from participating remains non-
negative. Moreover, the process again stops if a participant does
not want to continue.

A specific simulation result is presented in Fig. 3, wherewe have
five participants, and Fig. 3 shows the convergence path together
with the “binding” net benefit function.

One issue we have not touched upon so far is the number of
participants. To analyse this in the frame of our model so far, we can
interpret ai as a measure of the willingness to make compromises.
Now consider that for each participant, ai is drawn (independently)
from a given probability distribution function (pdf). For example,
assume that the ai’s are normally distribution according to:

aiwNða; saÞ
Consider next that we wish to find the probability that at least

one participant out of a total of seven in a group, randomly chosen,
Fig. 3. Example with 5 participants.
has ai < a
0
, where a

0
is a value to the left of the pdf (e.g., 10%). This

probability can be calculated using the binomial distribution,
where the number of trails is the number of participants and the
probability is the probability of obtaining a ai < a

0
in a single trail.

Letting n ¼ 7, p ¼ 0.1 and x ¼ 0, we have that:

Pðx;n; pÞ ¼
�
n
k

�
pnpn�x

Pð0;7;0:1Þ ¼ 0:48

Increasing n to, say, n ¼ 15 reduces the probability to 0.23. Now
there is a probability of 0.77 that a participant with little willing-
ness to seek compromises is included.

Using (9a) and (9b), it follows that dDPit=da
i > 0. Therefore, the

larger the number of participants, the larger the probability of
including individuals that only change position slowly because of
their unwillingness to make compromises. This, however, might
only be a problem for the process if this participant is decisive for
the probability of consensus, for example, if this participant has an
extreme position.

The second parameter that determines the change in the
probability of consensus, and thereby also the number of rounds
needed to arrive at a consensus, is the initial position of the par-
ticipants. Consider again that this parameter is drawn indepen-
dently for each participant from a probability distribution function
(pdf) and that for each participant, Pi0 is also drawn (independently)
from a given pdf. We assume that the Pi0’s are normally distributed
according to:

Pi0wN
�
P0;sp0

�
We can again argue that the probability of including a partici-

pant with an ‘extreme’ position increases as the number of par-
ticipants increase. The worst case for the ability to reach consensus
is when a participant is included that both holds an extreme po-
sition and little willingness to move at the same time.

If we consider that both parameters are to be independent
(and non-correlated), it follows that as the number of participants
increase, the probability of including an extreme-position, non-
consensus type of participant increases.

The more participants included, on average, the more the speed
of convergence is reduced. The consequence is that the average
contribution in each round is reduced. Thus, the net benefit for the
participants is reduced in each round (all else equal).10 It follows
from (8) that

dNBi
t

dpconst
> 0

As a result, the contribution per participant is expected to
diminish as the number of participants increase. To illustrate this
result, consider that changing a1 to, say, 0.1 but keeping the average
a at 1 implies that the probability of consensus is only 0.32, so that
the total contribution is reduced to 56%.

Our final finding here is that since the participants meet in order
to come to an agreement about their position with respect to
“producing” sustainable behaviour, the inclusion of more partici-
pants reduces the potential achievement of that group in this
respect.

As already mentioned in the introduction, participation and
participants can take a variety of forms. In many real world
10 It should be noted that as n increases, the effect of changes in one participant ai

or gi has a diminishing effect on the reaction of the other participants. Therefore,
“second-order” effects can be neglected for high n.
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situations (on sustainability issues), participants are not necessarily
randomly drawn from a population. The reason for this is that we
would expect that in the self-selection process, the most extreme
positions enter first (having either most at stake or the highest
interest in this issue).11 As a consequence, the probability of par-
ticipants holding extreme positions need not rise in expectation
with the number of participants.

There is, however, no reason to expect that very ideological
groups (or participants holding extreme positions) aremorewilling
to make compromises than individuals without special interests.
E.g., Irvin and Stansbury (2004) find that if a participation model
that is heavy influenced by opposing interest groups, often end up
making worse policy decisions. In this case, the participants with
the smallest alpha i will also enter first. Therefore, the probability
that less compromising participants are included need not increase
in this particular case.

On the other hand, in this extreme case (where those with most
extreme positions and least willingness to change positions are
those who first will enter such groups), increasing the number of
participants will essentially have no effect on the process. In this
special case, we need to modify our result to: The probability of
consensus never increases for an increase in n. Only in the special
case where those with most extreme positions and lower willing-
ness tomake compromises enter the process first, the probability of
consensus is unchanged as n increases.
4. The value of the consensus process for the policy maker

Until now, the purpose of the local participation process has
been to overcome the free riding incentives in a “voluntary
contribution to a public good for future generations” problem. Now
consider that the consensus building process is a part of a larger
policy process. As described in the introduction, in the context of
Agenda 21, local officials should consult citizens and community,
business and industrial organizations to gather information and
build a consensus on sustainable development strategies.

It is, therefore, very important to consider what can happen in
case of a breakdown of the process. In Section 2, the assumption
was that the participants even in case of a breakdownwere reacting
positive towards the process and remained at the end position,
which were closer to average than their initial position. This we can
denote the optimistic scenario. Here, the process would increase
people’s awareness of sustainable development issues even in the
case of a breakdown.

However, other outcomes are possible. E.g., the neutral case,
where the participants would fall back to their initial position, and
finally the pessimistic case, where participants due to disappoint-
ments in the process end up choosing more extreme positions than
their initial position.

The pessimistic scenario has been described in Sunstein (2002),
who defines group polarization as a situation where members of a
group move towards more extreme points, where extreme is solely
internal, referring to the members’ initial (pre-) position.12
11 Often, participation takes one of two forms: individuals are either invited to
join the process because they represent groups with specific ideologies or partic-
ipants self-select into the process (which, given some cost of participating, implies
that those with extreme positions will be most likely to participate in the process).
As an example of a group with specific ideologies can be mentioned New Zealand’s
Land and Water Forum (2013) with the Environmental Defence Society at the table
with Federated Farmers [Thanks to an anonymous referee for making this valuable
point].
12 According to Sunstein (2002), a mechanism that underlies polarization is
peoples’ desire to maintain reputation and their self-conception. The effect is
reinforced in the case where the group consists of equally opposed subgroups.
In our model, the participants basically were reciprocal in the
sense that moves toward average were acknowledged. However,
people tend to be “two-sided” reciprocal, such that “bad” behaviour
is punished. Rabin (1993) suggests that the sign of our sentiments is
conditional in that the same people who are altruistic to other
altruistic people are also motivated to hurt those who hurt them.
Note that in our setting, the only behaviour through which par-
ticipants can reciprocate it through changes in position. In this way,
discouraged participants can by either blaming the “opposite side”
for lack of flexibility or to maintain reputation and their self-
conception move to more extreme positions in case of a
breakdown.

How then to determine the value of the information that the
officials will receive from engaging in the consensus building pro-
cess in the framework of the model specified in Section 2? We
model the information content is by the variance in the data. That
is, the variance of the end positions of the process. If consensus is
reached, information is perfect, but if no consensus is reached, the
larger the variance in the positions, the less valuable is the infor-
mation that comes out of the consensus building process. To cap-
ture this, consider that the expected value of the information that
the officials gather from the process can be written as:

EV ½I� ¼ pCons$V
�
IC
�
þ
�
1� pCons

�
$V
�
INC
�
� V

�
IINI
�

(10)

Here V (I) is the value function and I an index for information.
We let dV(I)/dI > 0 and for simplicity normalize I[0,1]. Note that
IC < IINI, the information content in consensus is larger than in the
initial situation. We need to determine V(I), information in the non-
consensus case. As already noted, information content is measured
by the variance of the end positions. Letting the vector of end po-
sition be pend and the be var(pend). Information depends on the
variance, and overall we let: I¼ I(var(pend)), with dI/dvar(pend)< 0.
Larger variance provides less information. In consensus, I is maxi-
mized (variance is zero) while in case of two equally sized opposing
groping each at extreme points (0 and 1) yields the least informa-
tion value.

As an example, given the hypothesis that participants in the case
of a breakdown fall back to the initial position, and assuming that
the NB still is a described by [1], we can calculate the value of the
process when the convergence slows down in a two-participants
setting. Take the values specified in Table 1. And consider a spe-
cific linear value function: V(I) ¼ I and I ¼ 1� 4ðvarianceðP1i ; P2i ÞÞ.
The I function simply states that given consensus, I ¼ 1 and given
minimal information (position 1 and 0) then I ¼ 0.

For the parameter values specified in Table 1, EV[I] ¼ 0.93, while
reducing the gamma to 0.04. Implies EV[I]¼ 0.87, a reduction of the
information value of 6.4%.

More generally, in our model, for the same initial position, the
information value for all situations will fall,

vEVðIÞ
vc

� 0 (11a)

vEVðIÞ
vg

� 0 (11b)

11a is valid for all cost types in the model. As costs increase, the
value of process is reduces due to 1) smaller probability of
consensus and 2) larger positional difference in case of a
breakdown.

In general, if the probability of consensus is small enough, then
information value turn out to be negative, in particular in the
pessimistic case. Small changes in the parameter values compared
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to those in Fig. 2 yield a negative information value for the pessi-
mistic case.13

Now we can make the more general observation. Increasing n
reduces the expected value for the policy makers as long as all
participants in case of breakdown fall back to their initial positions.
This follows directly from the results in Section 3. More participants
imply a larger probability of slow convergence and therefore
consensus will be less likely. More participants also imply a larger
likelihood to include extreme positions, which implies both lower
probability of consensus and larger divergence if no consensus is
reached. Finally, negative information (in the sense that less in-
formation is provided than without the group meetings) cannot be
ruled out, in particular when participants after a breakdown move
to more extreme positions than their initial position.

5. Conclusion

Is local participation always optimal for sustainable action? Self-
organization and decentralized decision making may overcome
free-riding problems and enhance the quality of decisions, that is,
small local communities may solve sustainability problems better
compared to the situation where formal rules are exogenously
imposed by a third-party authority. When people meet on equal
terms, exchange views, discuss, and interact, a potential for making
decisions may arise that has qualities that regular voting does not
hold.

Overcoming the free-rider-problem is, however, costly. Our so-
cial interaction model argued that a cost-benefit analysis must be
applied. Most prominently, the model showed that the more par-
ticipants, themore likely it is that the groupwill include individuals
who have an extreme position and are not willing to make
compromises.

We show that the costs of making local decisions are likely to
rapidly exceed the benefits. Why? Because as the number of par-
ticipants grows, the more likely it is that the group will include
individuals who have an extreme position and are unwilling to
make compromises. Thus, the net gain of self-organization should
be compared with those of its alternatives, for example voting,
market-solutions, or not making any choices at all.

Local Agenda 21 was a relevant case as it broadly calls for
consensus-building among stakeholders. Also in this case, a certain
point existed beyond which the costs of self-organization would
outweigh the potential benefits. In spite of the fact that the infor-
mational value of meetings could be helpful to policy makers, the
model showed that it also decreased as the number of participants
increased. In perspective, the net gain of self-organization and
consensus-building may have been overestimated so far in the
13 Note: Parameter values: g12 ¼ g21 ¼ 0.04, c11 ¼ c21 ¼ 0.2, c12 ¼ c22 ¼ 10,
b11 ¼ b21 ¼ 0.6, b12 ¼ b22 ¼ 1, FC1 ¼ FC2 ¼ 0.01 yields EV (I) ¼ �0.01 in the
pessimistic situation, while in the optimistic situation EV (I) ¼ 0.35. Note that
highest possible value is 1.
literature. Local participation is not always optimal for sustainable
action.
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