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The influence of collective property rights on grazing 

management in a semi-arid region 

Björn Vollan,
1
 Sebastian Prediger,

2
 Markus Frölich

1

Abstract: The paper reports on a series of field experiments based on a non-standard 

common-pool resource model and carried out with communal farmers in southern Africa. We 

frame an experimental design used by Cardenas et al. (2008) in Thailand and Colombia 

according to the grazing situation in semi-arid regions. We analyse the efficiency of two 

simple, imperfectly enforced property-rights mechanisms that base on both, informal real-

world arrangements practised in the communal areas as well as on the procedure pursued by 

the Namibian government, where mostly those farmers with big herd sizes get granted access 

to resettlement farms. Our results suggest that in the short run, the introduction of property 

rights increases the economic returns and has positive ecological effects, but that these effects 

diminish in the long-run if imperfectly enforced. It further seems that players’ propensity to 

co-operate is constant across the experiment: farmers who behave less co-operatively in an 

open access situation do so as well when they get granted exclusive property rights.  

Keywords: field experiment, common-pool resource, southern Africa, property rights, rule 

following behaviour 

1. Introduction
Ever since Garret Hardin (1968) article it is argued, that privatisation of common pool 

resources is the first-best solution to prevent overgrazing and increase productivity. However, 

collectively owned rangelands in semi-arid regions have an insurance function against spatial 

uneven distributed rainfall and having too small private plots might leave an owner without 

rainfall in one season which is detrimental for his herd. Furthermore, this situation might be 

referred to as the so called “tragedy of the anticommons” where each individual possess a 

right over the resource which is however too small to farm efficiently (Heller, 1998). See for 

example the study of Mwangi with the Maasai which shows that after privatisation of 

1 University of Mannheim; Department of Economics; Chair of Econometrics; L7,3-5; D-68131 Mannheim; 

Germany 

2 Philipps-Universität Marburg; Department of Business Administration and Economics; Institute for Co-

operation in Developing Countries; Am Plan 2; D-35032 Marburg; Germany.   
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rangelands farmers start recombining their resources to larger plots (Mwangi, 2007). Thus, 

privatisation is not the best option per se.

Grazing land allocation in southern Namibia has two components: First of all outsiders are 

prevented from entering the commons so that no open access situation emerges.
3
 Secondly, 

there might be groups within the communal land that have informal management schemes 

depending whether the group is able to implement rules of use or not (Ostrom, 1990). 

Consequently resource condition in the communal area is heterogeneous. While it is evident 

when comparing heavily utilised communal land to commercially farmed land that many parts 

of the communal land have been degraded in the last decades, some grazing areas within the 

communal land are still in good condition. Thus, it seems that there are groups of farmers who 

are able to manage their allocated grazing land while others don’t. For example the 

Department of Agriculture recommends farmer groups to use rotational grazing systems since 

rotation enables the resting of a portion of the grazing area for a determined period in order to 

allow plant re-growth. However, on communal land this can only be done if people are 

willing to cooperate with each other (save good grazing for dry periods) and informal 

property rights are in place so that benefits of the adoption of the management accrue only to 

those people who also bear the costs of saving land for drier periods and not to outsiders free-

riding on the efforts made by others. The incentives to conserve the grazing area and maintain 

a higher quality of grazing land are higher with well defined property rights. If informal 

property arrangements are in place then two to three people are assigned one area and two 

others another area. This allocation is binding, either physically enforced or through social 

pressure. However, monitoring is extremely difficult in the vast area, boundaries are fuzzy 

and thus free-riding on another farmer’s area is still possible without being detected.

Our study uses the field “laboratory” setting with experienced subjects which is based on a 

non standard common-pool resource experiment.
4
 We confront communal farmers from 

southern Namibia with a baseline setting where five farmers have to manage a (hypothetical) 

3 Land allocation in the communal land of Berseba is in the hand of the traditional authority (Keulder, 1997:32). 

The traditional authority permits farmers to settle in an area when enough grazing is available. In case a group of 

farmers decides to rotate and save land there is obviously grazing land available and traditional authorities could 

re-allocate the spare land. However, with the Water Reform in Namibia (Republic of Namibia, 2004) the local 

Water Point Associations have the right to regulate access of water which is intricately linked with the access to 

land. Thus, the new regulations give more power to the local people to manage their resources which is reflected 

by the perception of four fifth of the Tiervlei farmers that somebody who wants to settle in an area has to ask the 

respective residents first (Falk, 2008).  

4 According to the terminology proposed by Harrison and List (2004:1014), our experiments are framed field 

experiments. 
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rangeland around their village consisting of two different areas and where according to 

previous use each grazing area can either be in good or bad condition leading to either high or 

low payoffs. After ten rounds of baseline open access situation we compare two different 

property right rules. We are especially interested in testing the influence of individual social 

preferences on property rights. As the success of groups depends on their ability to co-operate 

with each other as well as on the absence of ‘unfriendly’ neighbours that intrude their 

assigned grazing area. In the one treatment we assign property right to those two farmers who 

were most selfish (used highest intensity in stage 1) on a single plot where resource is 

abundant leaving the other plot where resource is scarce for the three remaining farmers. The 

other treatment reverses the situation since we assign the property right with abundant 

resources to those two farmers who were most cooperative and leave the most selfish players 

on the neighbouring grazing area with rivalry in consumption. As in reality property rights are 

imperfectly enforced.  

Our findings are also relevant to the ongoing land reform process in Namibia or South Africa 

where communal farmers are offered a new farm by the government which will then be their 

private “group” property. This is simply a formalised version of the above mentioned resource 

management problem observed in the Steinkopf area in the Namaqualand in South Africa as 

well as in some places in Namibia, where farmers who obtained a private farm still use the 

village commons when there is enough grazing available and only move their animals to the 

private farms in dry season. By doing so, they aggravate the problems for the majority of poor 

people who rely on the commons for subsistence farming. The paper is structured as follows: 

Section 2 presents the experimental design, the treatments with predictions and the 

description of participants and the implementation of the experiments. Section 3 presents the 

results of the treatments in restricting intensities and preventing rule breaking thus leading to 

better resource condition. Section 4 summarizes and concludes. 

2. The Experiment

2.1 Experimental design 
A shortcoming to the external validity of the standard common-pool model is the artificiality 

posed by the oversimplified situation of choosing stock numbers according to a repeated one 

shot Prisoners’ Dilemma design. Recent research by Cardenas et al. (2008) starts to focus on 

the decision making process in complex environmental settings and has features of path 
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dependency of previous use, spatial variability and non-linearities. In the standard common-

pool resource games, resource conditions are static, i.e. resource availability is the same in 

each round irrespective of the extraction rates in previous rounds. This assumption, however, 

denies the complex ecological relationship between unpredictable and spatial variable rainfall, 

drought periods, plant growth and grazing management, which is characteristic for our semi-

arid study area. Previous stocking rates as well as rainfall have a strong influence on current 

resource availability. We consider this in our experimental design by introducing the 

possibility of (temporary) resource degradation when stocking rates exceed a certain 

threshold.
5

Walker and Gardner (1992) were the first authors who considered possible resource 

destruction in common-pool resource experiments. They tested two designs of probabilistic 

destruction. In their first design, the probability of destruction increases linearly by a half per 

cent per token invested, in the second design they introduced a “safe zone” comparable to an 

ecological threshold. If the group extraction exceeds the threshold of 40 tokens, the 

probability of resource collapse increases by .5% per token invested, as in the first design. 

The subjects in their experiments had problems to manage the resource properly and 

destroyed the resource in all twelve sessions before the proposed twenty rounds were finished. 

In a replication, Muller and Vickers (1996) show that repeated face-to-face communication 

increases efficiency and reduces the destruction rate significantly.

However, contrary to these studies, we allow for resource recovery and directly link economic 

returns with resource availability. Since degradation causes a decline in productivity and 

hence lowers the profits even if the herd size remains unchanged, we pay fewer tokens for the 

same intensity in case of low compared to high grazing quality. Further, in comparison to 

standard common-pool resource experiments, participants do not only choose a level of 

extraction from the grazing resource stock but also the location (A or B) they want to put their 

livestock on. This is more realistic and necessary in order to define spatial property rights and 

thus to exclude people from the use of the resource in a certain area.  

In each round the participants decide whether to graze with a low or a high stocking rate or 

whether not to graze by exerting an intensity of 1, 2 or 0 respectively in one of the two 

grazing areas A or B. According to the payoff table below (Table 1), returns to grazing do not 

only depend on the intensity of farming but also on the rangeland condition, which can be 

5 In our framing, only stocking rates affect resource availability. Ecological research conducted in our study area, 

however, suggests that overstocking might not necessarily lead to resource degradation and is thus not always 

problematic per se (Ward et al. 1998; Ward and Ngairorue, 2000).  
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good or bad. For example an intensity of 1 brings seven tokens when the chosen grazing land 

is in good condition, but only one token in case the grazing availability is low. A pasture’s 

resource availability depends on the aggregate group intensity invested in the previous round. 

Since the maximum intensity that one single player can choose is 2, the aggregate intensity in 

the two sites ranges between 0 and 10. In case the group effort exceeds the carrying capacity 

of 5 in one location, the grazing availability of that site moves from high to low. To recover to 

a state with high stock level, a group intensity of maximal 1 unit has to be invested in that site 

for two successive rounds.

The resource can either be in good condition (H) or in bad condition with two more rounds to 

recover (L2) or one more round to recover (L1). Thus, there are 6 possible combinations a 

group might be in:  

• HH: both areas in high condition. 

• HL1: one area in high the other in low condition but already recovered one round. 

• HL2: one area in high the other in low condition and needs two rounds to recover. 

• L1L1: both areas in low condition and need one round to recover. 

• L1L2: one area in low condition and needs one round the other two rounds to recover.

• L2L2: both areas in low condition and need two round to recover. 

Table 1: Payoff table for the experiments  

  Intensity 

Condition 0 1 2

GOOD 0 7 8

BAD 0 1 2

In the absence of any intervening institutions, i.e. in an open access situation, behaviour 

within the context of a common-pool resource environment is usually predicted by classical 

game theory for finitely repeated non-cooperative games. That is, individuals try to maximize 

their own monetary payoff. In our experimental setting, the single dominant strategy is 

choosing an intensity of 2 in each round, since this choice yields the highest individual payoff 

irrespective of the resource condition. We therefore expect the degradation of one grazing 

area immediately after the initial round, ending up with one location in good and the other in 

bad condition (HL2) in round 2. Since intensities applied on good grazing areas yield the 

highest return, all will choose the remaining location in good quality, resulting in a situation, 

where both grazing areas’ availability is low (L2L1) in round 3. In that situation, both 
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pastures bring the same return, but recognizing the possibility of sooner recovery of the 

location which had already rest for one round (L1), all will choose the location which still 

needs two rounds to recover (L2). Consequently, in round 4 (and 6, 8 and 10), participants 

will face the same situation as in round 2, with one good condition area and one low condition 

area (L2H), and will choose again that pasture which brings the highest return. Therefore, 

individual payoff-maximizing behaviour will lead to a kind of rotation system, where each 

second round one of the locations will be in good condition. In a sequence of ten rounds, the 

resulting group return will be 280 tokens. In contrast, 390 tokens would be possible in the 

social optimum where the players overcome the coordination and cooperation problem by 

spreading the group intensities over both areas at a ratio of 5:4.
6

Altogether, we ran 12 sessions, each consisting of five participants who were randomly 

chosen from a pool of possible participants that were recruited by word-of-mouth 

advertisement and public announcements in meetings of various organizations. At the 

beginning of each session a local field assistant read the instructions aloud and two to three 

practice rounds were played subsequently. Additionally we handed out a short quiz consisting 

of seven questions to test whether the participants understood the structure of the game. When 

the participants had filled out the quiz, the correct answers were announced and last questions 

clarified. Before the experiments started, participants were asked to disperse within the room 

to make sure that nobody could see the decisions of others. A session was subdivided into two 

stages, each lasting ten rounds. In each round the participants got a decision card, where they 

had to write down their player number, the grazing intensity (0, 1 or 2) and the location (A or 

B) they want to graze in. The decisions were made in private and it was promised, that 

individual decisions will never be disclosed to the other players. When all had made their 

decisions, the experimenter collected the decision cards and announced the aggregate group 

intensity for each grazing location as well as the resulting resource condition in the following 

round. In the first stage, equal to an open access situation, no rules were in place. In the 

second stage, we randomly implemented two simple property-rights sorting mechanisms, 

either the property rights for selfish (PRS) or the property rights for co-operative farmers

(PRC) treatments, which are described in the next sub-section. We used a between-subject 

design. Each treatment was tested within six sessions. After the final round was played, the 

participants were asked to fill out a short survey on socio-demographic characteristics. 

6 The ratio of 5:4 implies that one player does exert a maximum intensity of 1. 
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2.2 Property rights treatments and predictions 
With our treatments, we aim to test the efficiency of existing informal property rights 

arrangements practised in the communal areas which are similar to the formal procedure 

pursued by the Namibian government to grant farmers access to resettlement farms. We study 

whether collective property arrangements are beneficial to an uncoordinated situation and 

how social preferences influence co-operation and rule following behaviour. 

In the “property rights for selfish farmers” scenario (PRS), the two farmers who chose the 

highest cumulated intensity
7
 in the first stage obtained the property right to use grazing area A 

from round 11 to 20 while the three lowest intensity farmers had to graze on location B. In the 

“property rights for cooperative farmers” treatment (PRC), the two most cooperative farmers, 

i.e. those with the lowest intensity in stage 1, were allocated to location A, and the three 

highest intensity farmers were allocated to grazing land B. Subjects were informed about their 

designated location in secret by receiving a blue card marked with an A or B. Therefore, 

every player only knew the own location and the number of other players sharing the same 

one, but not who these other persons were. The property rules were imperfectly enforced by a 

random monitoring system with an audit probability of 20 per cent. In each round, 

irrespective whether a participant trespassed or not, we randomly drew one of the five player 

numbers and announced this number, but did not report whether the respective player 

deviated from the rule. In case the monitored person trespassed, the tokens earned in that 

round were subtracted.

Since the maximal group effort of the two players allocated to grazing area A is four, they do 

not face a cooperation problem anymore, at least as long as the participants allocated to B do 

not trespass. Thus, we expect A-players to choose an intensity of two if they believe that 

nobody will trespass. In contrast, players allocated to location B still face a cooperation 

problem since the maximum possible group effort exceeds the threshold of five units by one 

unit. Therefore, at least one player must abstain from his dominant strategy by choosing an 

intensity of one unit or less. Since the expected payoff of trespassing is 6.4 tokens (8*0.2), 

which is less than the payoff achievable by choosing an intensity of one, we do not expect 

7 Even though the correlation between the cumulated individual intensity and the cumulated individual earning in 

round 10 was positive and high for both treatments (PRS: 0.76, p-value: 0.000; PRC: 0.66, p-value: 0.000), 

participants typed as “selfish” and thus allocated to grazing area A (B) in the PRS (PRC) treatment did not 

necessarily yield the highest return in the first stage. 
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trespassing as long as both grazing resources are in a good condition. We derive the following 

hypotheses when both areas are in good condition.

Hypothesis 1.1: Those assigned to area A should play on A with an intensity of 2. Those 

assigned area B should play a symmetric equilibrium of an intensity of 1. The 

introduction of property rights will thus ease the coordination and cooperation problem 

and lead to significantly more good grazing and higher earning in stage 2. 

Hypothesis 1.2: We do not expect trespassing when both areas are in good condition. 

Especially not from players allocated to grazing area A.  

Hypothesis 1.2 clearly changes, if the B players cannot solve the cooperation problem and 

thus overexploit their resource by moving their location from good to bad condition. In this 

case, player on area B have a strong incentive for trespassing due to the higher expected 

payoff achievable in location A (6.4 tokens vs. 2 tokens). Thus, if we expect rather stable 

social preferences or player types we expect our sorting mechanism to reduce the pressure on 

grazing area B if the “selfish” players are on A and the “cooperate” players on B (Treatment 

PRS). Furthermore, it might be that more cooperative players are also more risk averse or 

have internalised norms that prevent them from rule breaking. Thus, they fear being detected 

and trespass less. Our hypotheses when area B is in bad condition lead to the conclusion, that 

PRS should work better than PRC treatment if social preferences are important.   

Hypothesis 2.1: Players labelled as “cooperative” play lower intensity when assigned to 

area B than “selfish” players on area B when B is in bad quality. 

Hypothesis 2.2: Players labelled as “cooperative” are less likely to trespass when 

assigned to area B than “selfish” players assigned to B when B is in bad quality.   

2.3 The participants 
The experiments were carried out in Gabis, a small village in the communal area of the 

Karasburg municipality in southern Namibia. The area lies in a semi-arid biome, 

characterized by low rainfall and poor soils that are only suitable for livestock production. 

Formal employment opportunities are rare and the majority of the population depends on 

livestock-keeping on a subsistence base (Republic of Namibia, 2001). Livestock is kept on 

commonly managed grazing land. The participants are thus familiar with the management of 

common-pool resources. In our sample, 75% of the participants possess livestock, and more 

than one-third stated livestock-keeping as their main economic activity (Table 2).  Only 12% 

had a permanent job and 13.3% were working occasionally. The remaining 38% were either 
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unemployed or retired. The average cash income per capita was 315 NAD.
8
  Slightly more 

than the half of our sample were women and the education level of our sample was relatively 

high, with 9.2 years of schooling on average, ranging from 2 to 12 years. These and other 

socio-demographic characteristics are presented in Table 2. Differences in socio demographic 

variables between the randomly implemented treatments are all insignificant. Those players 

labelled as “cooperative” had significantly larger household sizes and less household income 

but did significantly more often state ex-post that the game was very close to a real world 

scenario of grazing management (regression of cumulated intensity of stage 1 on demographic 

variables available upon request). At the sessions’ end the participants were paid according to 

their total payoff yielded during the experiment. Individual earnings ranged between 11.75 

and 38.75 NAD with an average of 26.30 NAD Additionally, everybody got a participation 

fee of 15 NAD. Paying a compensation fee is needed to cover subjects’ opportunity costs 

(Parkhurst et al., 2004) and to mitigate the problem of selection bias which could arise when 

only persons who are interested in experiments about grazing would participate. 

8 One Namibian Dollar (NAD) was about 13 US cents when we undertook the experiments in July 2008. A 

typical wage labour job earns 30-50 NAD a day.  
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Table 2: Socio-demographic characteristics 

Variable Obs Mean Std. Dev. Min Max

Diff between 

treatments
Socio-demographics 

Education* 60 9.20 2.92 2 12 n.s.

Household size 60 7.40 3.66 1 16 n.s.

Age 60 35.82 14.28 18 65 n.s.

Stay in village** 56 23.21 14.48 1 65 n.s.

Female 60 0.53 0.50 0 1 n.s.

Marital status 

Single 60 0.77 0.43 0 1 n.s.

Married 60 0.20 0.40 0 1 n.s.

Widowed/Divorced 60 0.03 0.18 0 1 n.s.

Economic situation 

Livestock possession 60 0.75 0.44 0 1 n.s.

Livestock numbers*** 60 59.58 156.30 0 1015 n.s.

Cash income per Capita 60 315.61 383.94 10.7 2450 n.s.

Occupation 

Permanent work 60 0.12 0.32 0 1 n.s.

Farmer 60 0.37 0.49 0 1 n.s.

Casual work 60 0.13 0.34 0 1 n.s.

Unemployed 60 0.38 0.49 0 1 n.s.

Voluntary community work 58 0.26 0.44 0 1 n.s.

Others 

No of correct answers in 
the quiz 60 5.93 1.21 2 7

n.s.

Notes: *: in years of schooling, **: in years, ***: measured in small stock units 
(SSU), that is sheep and goats. 6 SSU equals 1 large stock unit (LSU).

3. Results  
We divide our analysis in two main parts. Section 3.1 analyses overall treatment efficiency 

with the dependent variables intensity and earning (individual level) and grazing quality 

(session level). Section 3.2 analyses rule following behaviour under the different treatments. 

Both sections use descriptive analysis, statistical tests on the hypotheses mentioned above
9
 as 

well as multivariate regression models where we control for game related variables. We 

present models for an individual’s earning, intensity choice and rule breaking as well as for 

the grazing quality which is measured at group level.  

The variables we use in the regression analyses can be classified into three different “blocks” 

of variables: last round, cumulated until last round and cumulated at end of first stage. The 

9
We applied t-tests or  2-tailed Wilcoxon rank sum tests to compare the baseline open-access situation (stage 1) 

with the treatment scenario (stage 2) with regard to the mean number of good pastures, mean group efforts and 

tokens earned by the participants. In order to test for differences in means of earnings and grazing quality among 

the property rights treatments, we report results of Mann-Whitney U-tests.
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“blocks” contain individual profit (Earning), relative profit (Difference Earning)
10

, group 

standard deviation (Stddev Earning) and some variables that describe the condition of the 

resource (i.e. whether the resource was in good or bad situation the last round). The last round 

and last round cumulated variables help to explain the within and between individual variance 

that might especially influence rule compliance in the following round. However, since the 

coefficients are endogenous and thus biased we use them mainly to increase efficiency of our 

treatment estimates and interpretation should be done carefully. The first models only include 

the treatment and an indicator for the round of the game where e.g. PRS_selfish is a 

subtreatment of PRS taking the value of one only for those two players who were initially 

assigned to area A (in case of PRS the more selfish ones) and PRS_cooperate is the 

subtreatment for the remaining (more cooperative) three players in the PRS treatment that 

were assigned area B.
11

 The second models include additional blocks of variables. To 

describe the condition of the resource we consider different variables which we use 

sometimes interchangeably to correct for collinearity. Ord_graz_cat_h is a dummy variable 

taking the value of 1 if at least one area is in high condition and ord_graz_cat_l is a dummy 

variable that takes the value of 1 if at least one area is in L1 condition. We mainly use lags of 

these game related variables since a player only knew the behaviour from last round when 

making his decision in the current round.  

We further control for the round number, since co-operation might increase or decrease over 

time and we control for the last round where we expect higher earnings due to a high intensity 

played. In the analysis of the rule following behaviour we control for the possible profit an 

individual could earn by breaking the rule, the cumulated and last round sanctions an 

individual obtained so far and break rule, which is a dummy variable taking the value of one 

if individual broke the rule in the respective round. Important for rule breaking is further the 

dummy Area=‘A’ that takes the value of one if a player played area A. Since we expect rule 

following to depend on some group morality we include an index measure of trust and 

network.12

10 relative profit= own profit – (others’ profit / n-1) 

11 Thus, in the PRC treatment we have the following two subgroups: PRC_cooperate are the two cooperative 

players assigned to area A and PRC_selfish the remaining three more selfish players assigned to use area B. 

12 Trust: (1) Most people in this village are basically honest and can be trusted, (2) Members of this village are 

always more trustworthy than those in other villages, (3) In this village one has to be alert, or someone will take 

advantage of you. Network: (1) If I have a problem there is always someone in this village to help you, (2) Most 

people in this village are willing to help if you need it, (3) If you lose a goat/sheep or chicken someone in the 

village would help look for it or would return it to you. 

11



3.1 Rule efficiency 
First of all, only about one third of the subjects choose the highest possible intensity of 2 units 

in the first stage of the experiments. As shown in Table 3, individual efforts depend on 

resource availability: The higher the resource condition, the more subjects apply the 

maximum intensity. When both grazing areas were degraded, 37% to 80% of the subjects 

abstained from grazing by choosing an intensity of 0. These deviations from predicted purely 

self-interested Nash behaviour have been reported in many related studies (Ostrom et al., 

1992; Velez et al. 2009) and are usually explained by the existence of other-regarding 

preferences (e.g. Fehr and Schmidt, 1999; Bolton and Ockenfels, 2000), such as altruism, 

inequity aversion and reciprocity, or incomplete information about the players’ types (Kreps 

et al., 1982).

Figure 1 shows the percentage of good pastures per round for the experiments undertaken in 

Namibia during summer 2008. Both property rights sorting mechanisms have a significant 

impact on resource availability for the “Property rights for selfish farmers” (Z= -2.9; p<.01) 

and the “Property rights for cooperative farmers” (Z= -3.9; p<.01) treatment respectively, 

leading to a higher percentage of good pastures in stage 2 accompanied with a significant 

increase in group earnings by the participants compared to stage 1.
13

These results might 

support our hypothesis 1.1, that property rights ease the coordination problem and yield more 

efficient outcomes. Concerning our rational homo oeconomicus assumptions, we do not 

observe players on area A playing always an intensity of two when their area is in good 

condition (mean intensity for the PRS_selfish is 1.66 and for the PRC_cooperate 1.53). 

Similarly, we observe that players on area B play higher intensity on area B than the 

symmetric equilibrium of 1 (mean intensity for the PRS_cooperate is 1.18 and for the 

PRC_selfish 1.51).

We further observe that the positive impact of introduced property rights weakens over time 

(Figure 1). There is a clear tendency for decreasing numbers of good pastures in both settings 

during the second stage, ending with about 67% good pastures compared to a mean for the 

entire stage of 86% in the PRS respective 73.5% in the PRC setting. To test if the difference 

between the open-access situation and that where property rights are in place is also 

13 The tokens earned by the group per round increased by about 5 units in both property rights treatments: from 

25.33 to 30.32 in the PRC (n=120; Z=-2.2; p=.025) and from 22.48 to 27.52  in the PRS treatment (n=120; Z=-

2.0; p=.041). The participants of the PRS sessions also yielded a higher percentage of good stock levels (n=120; 

Z=-3.1; p<.001) than their counterparts in the PRC sessions. The initial difference with respect to earnings and 

average resource availability in stage 1 (Figure 1) between the randomly assigned treatments PRS and PRC is 

unclear since a regression of socio demographic variables did not show any significant results. Those in the PRC 

had on average one year more of schooling which should rather lead to a more cooperative behaviour but we 

observe the contrary (not significant).  
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significant we run the regression in table 4. Table 4 shows, that there is no increase in earning 

for any of the sub-treatments when comparing round 7-10 with 17-20. Therefore, at least in 

our sample the long-term efficiency of private property solutions seems to be questionable. 

Only when comparing the last seven rounds of each stage the difference becomes significant 

for both cooperative and selfish players in PRS as well as the cooperative in PRC. Only the 

selfish players on area B in PRC treatment do not earn significantly more than before (mean 

earnings by stage increased from 48 to 52 tokens) while especially the cooperative players 

earned by assigning property rights (most notably the cooperative players on area A increased 

their earning from 40 to 58 tokens). Table 5 uses intensity as dependent variable with the 

same regression specification as for earnings. Very interestingly we find that only the selfish 

players in PRS increased their intensity compared with the first stage. Thus, their higher 

earnings reported in table 4 is more likely due to playing higher intensity while the higher 

earnings of the cooperative players in PRS and PRC is more likely to be due to the 

coordination success of the property rights treatment itself.  

Figure 1: Averaged stock levels of the property rights treatments in Namibia 2008 
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<TABLE 3, 4 and 5 here> 

Figure 2 gives an overview on group performance for the different treatments. In both 

property rights treatments, those two players allocated to grazing area A were more successful 

in sustaining high resource availability than their counterparts who had to share grazing area 

B in a threesome. Due to the coordination problem that the participants allocated to location B 

still faced, this result is not surprisingly. Furthermore, the mean number of good grazing areas 

available during the second stage (both area A and B together) was significantly higher in the 
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PRS scenario than in the PRC treatment (t-value = 2.3; p<.05). In four (three) sessions of the 

PRS (PRC) treatment those players allocated to grazing area B coordinated their actions well 

by keeping their pasture in high quality for all ten rounds.
14

 Altogether, in the PRS treatment 

in 50 of 60 possible cases (83.34%) location B was in good condition compared to 41 cases 

(68%) in the PRC treatment. 

Figure 2: Averaged grazing condition of pastures A and B in stage 2 in the property rights 
treatments. 
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Table 6 regresses the grazing quality for the abundant resource A and the scarce resource area 

B on the treatment. We find a low significant increase in good grazing condition in both areas 

A and B for the PRS treatment. Thus, in terms of efficiency it seems that assigning more 

selfish players to the abundant area and the more cooperative players to the scarce resource is 

ecological beneficial as we hypothesized above (Hyp. 2). In the remainder of this section we 

analyse earnings per treatment which is a function of grazing condition as well as intensity 

which is a measure for cooperation. 

We further analyse treatment differences with Table 7. The cumulated earnings of stage 2 are 

not affected by treatments but the variation coefficient of earnings seems to be positive 

significant affected by the PRS treatment indicating that the variation of earnings within a 

group cumulated over the last 10 rounds is higher when the two most selfish people are on 

area A. In PRS the standard deviation is smaller for the two players on area A than in PRC 

(PRS=12.1; PRC=19.9) and also the standard variation for the three players on area B is 

14 The A-players achieved such as a result in 4 (3) sessions in the PRS (PRC) treatment. 
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smaller  than in PRC (PRS=15.3; PRC=21.4). However, the overall variation for the group of 

five players is larger in PRS since the difference in mean earning between the two players on 

area A (PRS=66; PRC=58) is much higher than on area B (PRS=56; PRC=52). Thus, 

assigning property rights to those with the highest initial intensity in stage one increases 

inequality between the rich and the poor.

When differentiating the player types according their initial types (selfish vs. cooperative) per 

property right treatment we find that none of the sub-treatments earn significantly more or 

less using cumulated earning and simple OLS (model 2 in table 7). Table 8 uses a panel 

regression for earnings and intensity using PRS_selfish as reference category for the 

treatments. When controlling for rounds played no treatment performs significantly different 

and it seems as all treatments earn less than the reference treatment. However, when 

controlling for the game history of the first rounds and thereby taking into account that those 

who earned relatively more than the others in the first ten rounds also earned significantly 

more in each round of the second stage we see whether treatment differences are due to the 

player characteristics or the treatments itself. With these additional controls the signs of all 

treatments shift from negative to positive and we see that those two cooperative players 

assigned to area A in the PRC treatment earn significantly more compared to the two selfish 

players in area A in the PRS treatment. This tells us that our social preference labels for 

cooperative and selfish players are driving the results not the property rights itself. Overall, 

mean intensity on area B is significantly lower in the PRS compared to the PRC treatment (t-

value = -2.4; p<.01). When comparing cooperative players to selfish we observe a significant 

difference in playing high intensity both when grazing is in good condition but more 

important also when grazing is in bad condition. When area A is in bad condition the selfish 

players playing on A do so with a mean intensity 1.3 while the cooperative with 0.6 (t-value = 

3.4; p<.01). When area B is in bad condition the selfish players playing on B do so with a 

mean intensity 0.8 while the cooperative with 0.5 (t-value = 1.9; p<.1). Thus, those labelled 

selfish are less likely to restore a bad grazing condition and this will be even more the case the 

lesser their initial need to cooperate was. 

Interestingly those players sharing area B do not earn significantly less than those on area A. 

This is due to their change in behaviour. Model 3 and 4 from table 8 shows that both the three 

cooperative on area B (PRS_cooperate) as well as the selfish on area B (PRC_selfish)

significantly reduce their intensity. This effect even holds when controlling for individual 

game history of the cooperative players in the PRS treatment. Thus, assigning property rights 
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seems to induce players to play more cooperatively – even though they were labelled as more 

selfish according to their revealed behaviour in the first stage.

<TABLE 6, 7 and 8 here> 

3.2 Rule following behaviour 
We observe that in PRC more rule breaking occurred than in PRS (t-value = -1.6; p<.1) which 

is due to the high number of (selfish labelled) players assigned to area B that enter area A (t-

value = 2.0; p<.05) while the difference of A-players entering area B is not statistical different 

for the two treatments (t-value = -0.2; p=.8). Contrary to hypothesis 1.2, players allocated to 

area A trespassed even in situations where their grazing area was in good condition and thus 

no economic incentive for trespassing existed (significantly different from 0; t-value = 4.0; 

p<.01). As shown in table 9, this behaviour can be observed for subjects assigned to location 

A in both treatments, though A-players in PRS trespassed more often than their counterparts 

in PRC. More astonishing, A-players in PRS broke the rule even then, when their own grazing 

area was in good condition and the other in bad condition and therefore no reason for rule 

breaking existed (t-value = 2.2; p<.05).

Interestingly, resource degradation in location B was mostly caused by trespassing of A-

players rather than by coordination failure of B-players. In the six sessions of the PRS 

treatment, location B moved from high to low resource availability only three times, but 

always due to trespassing.
15

 Moreover, in one case grazing area B remained in low quality for 

five successive rounds just because an A-player trespassed twice right in that moment, where 

recovery would have taken place in the following round. Economic incentives cannot explain 

such behaviour, because the condition in A was high then and the possible profits from rule 

deviation were thus far below of that from rule compliance. Revenge, identified as a motive 

for counter-punishment in a recent study on punishment behaviour in public good 

experiments (Nikiforakis, 2008) can also be excluded as explanation since B-players did not 

trespass in the previous rounds of that session and thus no reason for punishment exists. 

However, it might be that this player finds enjoyment in decreasing the earnings of others and 

is willing to pay for that in accepting an expected return of only 1.6 instead of 8 tokens which 

she would have earned for sure by not trespassing.
16

 This kind of “spiteful” behaviour is also 

15 In the PRC treatment A-players’ trespassing caused 66% of all cases where location B degraded. 

16 Since this player recorded the right tokens in her own player record sheet, confusion as a further potential 

explanation can be excluded. In the PRC treatment, A-players’ trespassing still caused 66% of the cases, where 
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reported in other experimental studies (Casari and Plott, 2003; Walker et al., 1990) and has 

been explained as one additional preference to pure self-interest (Levine, 1998). 

Comparing the rule following behaviour between the two property rights treatments reveals 

substantial different behavioural patterns in the PRS treatment where selfish players are on a 

separate grazing area A (Table 10). We control for the fact that area A where only two players 

were located was trespassed more likely in both treatments and that possible profit should 

increase rule breaking. We find that in the PRS treatment trespassing on area A and 

trespassing due to higher profits were less frequent. This indicates that in PRS players were 

more likely to break the rule for other reasons than the possible profit they could make and 

that the three cooperative players in PRS trespassed less than the three selfish players in PRC. 

In the PRS people even break the rule when the possible profit from rule breaking is smaller 

than the profit from obeying the rule. This means that the two selfish players that obtained 

grazing area A more frequently enter the grazing area B to break the rule although they 

actually have no reason doing so. Table 11 uses a different specification of the treatments and 

also finds that the three selfish players in PRC are significantly more likely to break the rule. 

Thus, in both specifications we find that the initial labelling of selfish and cooperative 

according to the cumulated intensity also helps in explaining rule breaking in our game. 

Interesting is further, that the impact of cumulated sanctions on rule breaking was not 

significant and rule breaking was more likely done by players who already earned a high 

cumulated amount of money in the game (however not in the last round). Furthermore, trust 

in community members reduces rule breaking significantly.

< TABLE 9, 10 and 11 here> 

4. Conclusion 
We tested the influence of assigning property rights on behaviour in a commons dilemma. 

Our experiment innovation is to have two areas that can have well defined property rights 

(stage 2) or not (stage 1). In stage 2 we test whether social preferences interfere with the way 

property rights work. We model two extreme cases where property rights are assigned to 

selfish players (PRS) or where it is assigned to cooperative players (PRC). In absence of an 

influence of property rights both treatments should work identical since in both cases two 

player are allocated to area A where resource is abundant and three players to area B where 

grazing area B degraded, thus also some of the “cooperative” players behaved antisocial in a way. 
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resource is scarce and hence cooperation required. We presume that ‘cooperative’ players are 

better able to handle scarcity and thus leading to higher outcomes of the PRS treatment where 

the more selfish players get property rights.  

We find that assigning property right in either way increases the number of good grazing and 

earnings by decreasing the intensity on the scarce resource (area B) and increasing the 

intensity for the abundant resource (area A). However, these effects diminish over time as rule 

breaking increases and it remains unclear to some degree whether the treatments are really 

beneficial. Comparing the two treatments with each other we find some evidence that the PRS 

is better than PRC in terms of efficiency while PRC reduces inequality among the players. 

First of all in the PRS treatment grazing quality seems to be higher both on area A as well as 

on area B. And both the players allocated to area A and B earn significantly more than in the 

first stage. Concerning intensity we find that those on area A in the PRS even increase their 

intensity which makes resource use more efficient while at the same time players on area B in 

both treatments reduce their intensity and the cooperative players on are B in the PRS are less 

likely to break the rule and enter area A. Thus, it seems that social preferences matter a lot 

since we generally observe a strong consistency in behaviour throughout the game and 

furthermore we observe that high intensity choices also lead to higher rule breaking. While it 

might seem “unfair” at first glance to “reward” the more selfish players with property rights 

we can see that this is socially beneficial.  

The policy of granting access to private farms for farmers with big herd sizes (in our 

experiments labelled as selfish players) pursued by the Namibian and South African 

government seem to be a proper strategy to lower resource pressure on the commons and 

make efficient use of scarce land. However, our results only hold for the assumption of 

imperfect enforcement and that there is resource abundance on one place where the farmers 

with larger herds are sent to and this is thus a valve for the remaining farmers on the scarce 

commons. Moreover, in reality it will be difficult to measure social preferences by the number 

of livestock a person possesses since many other factors lead to larger herd sizes. Having 

found that cooperative players in our sample are more likely to have lower household income 

and larger families this would additionally increase inequality. Nevertheless we think that 

pro-social preferences are crucial to manage a scarce resource and governments face the 

trade-off of helping the poorest of the poor by extending the commons or supporting the 

environment by buying farms for resettlement. 
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Appendix

Table 3: Intensity choices for different resource conditions 

Intensity TOTAL HH HL2 HL1 L2L2 L1L2

0 19.50 7.35 17.42 23.08 45.71 36.67 

1 46.83 44.08 54.19 40.00 48.57 48.89 

2 33.67 48.57 28.39 36.92 5.71 14.44 

Obs. 600 245 155 60 35 90
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Table 4: Explaining differences in earnings comparing rounds 7-10 with 17-20 and 3-10 with 13-
20.

VARIABLES Earning

7-10 vs. 17-20
Earning

3-10 vs. 13-20
(1) (2) (3) (4)

PRS_selfish 0.659 0.340 2.262** 0.856 

(2.156) (1.975) (0.965) (0.916)

PRS_cooperate 0.728 1.569 2.153* 1.586 

(2.765) (2.563) (1.212) (1.106)

PRC_cooperate 1.638 1.038 2.512** 1.376* 

(2.113) (2.260) (1.166) (0.769)

PRC_selfish 0.144 -0.461 1.387 0.183 

(1.989) (2.172) (1.136) (0.851)

Cumulated until last round

lag_earn_cum 0.024 0.024 

(0.022) (0.021)

lag_diff_earn_cum 0.101*** 0.083*** 

(0.026) (0.016)

lag_stddev_earn_cum -0.139 -0.060

(0.103) (0.072)

Last round

lag_ord_graz_cat_h 4.163*** 4.488*** 

(0.665) (0.557)

lag_ord_graz_cat_l 2.958*** 2.354*** 

(1.063) (0.532)

Control

Round -0.018 -0.057 -0.096 -0.116

(0.232) (0.329) (0.104) (0.174)

round_20 0.697 0.756 0.554 0.321 

(0.731) (0.613) (0.740) (0.724)

Constant 4.539** 1.316 4.958*** 0.903 

(2.089) (1.986) (0.834) (0.693)

Observations 480 480 900 900

r2_w 0.0369 0.0697 0.0411 0.106 

r2_b 0.00304 0.540 0.0127 0.672 

r2_o 0.0156 0.210 0.0351 0.216 

The model is estimated using a random effects GLS regression. Standard errors are in parentheses: *** 

p<0.01, ** p<0.05, * p<0.1 

Table 5: Explaining differences in intensity comparing rounds 7-10 with 17-20 and 3-10 with 13-
20.

VARIABLES Intensity 

7-10 vs. 17-20
Intensity 

3-10 vs 13-20
(1) (2) (3) (4)

PRS_selfish 0.459 0.387 0.516*** 0.299* 

(0.431) (0.404) (0.149) (0.159)

PRS_cooperate 0.024 0.189 0.079 0.029 

(0.454) (0.370) (0.166) (0.175)

PRC_cooperate 0.440 0.382 0.373 0.258 

(0.402) (0.348) (0.240) (0.193)

PRC_selfish 0.194 0.114 0.180 0.056 

(0.368) (0.335) (0.165) (0.170)

Cumulated until last round
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lag_earn_cum 0.001 0.002 

(0.003) (0.004)

lag_diff_earn_cum 0.023*** 0.020*** 

(0.006) (0.005)

lag_stddev_earn_cum -0.023*** -0.009

(0.007) (0.009)

Last round

lag_ord_graz_cat_h 0.631** 0.688*** 

(0.306) (0.186)

lag_ord_graz_cat_l 0.450 0.423** 

(0.381) (0.205)

Control

Round -0.013 -0.005 -0.008 -0.003

(0.043) (0.043) (0.014) (0.024)

round_20 0.260* 0.269** 0.229** 0.199* 

(0.144) (0.124) (0.115) (0.108)

Constant 1.224*** 0.722 1.147*** 0.519** 

(0.361) (0.490) (0.095) (0.204)

Observations 480 480 900 900

r2_w 0.0372 0.0718 0.0282 0.0732 

r2_b 0.183 0.476 0.307 0.577 

r2_o 0.0660 0.180 0.0616 0.165 

The model is estimated using a random effects GLS regression. Standard errors are in parentheses: *** 

p<0.01, ** p<0.05, * p<0.1 

Table 6: Explaining differences between treatments for grazing quality on area B.  

VARIABLES Good grazing condition on area  

A B

(1) (2) (3) (4)

PRS 1.020 5.583* 1.833 2.335* 

(0.993) (3.033) (1.121) (1.371)

lag_earn_cum -0.244*** -0.045

(0.056) (0.031)

lag_diff_earn_cum 0.309*** 0.064 

(0.117) (0.066)

lag_stddev_earn_cum -0.084 0.013 

(0.139) (0.063)

Round -0.348*** 0.492** -0.605*** -0.466*** 

(0.078) (0.210) (0.097) (0.170)

round_20 -0.503 -0.626 2.924*** 2.730*** 

(0.579) (0.904) (0.626) (0.649)

Observations 240 240 360 360

Ll -64.97 -54.07 -92.33 -91.38

chi2 25.91 38.39 39.91 39.18 

The model is estimated using a random effects probit regression. Standard errors are in parentheses: 

*** p<0.01, ** p<0.05, * p<0.1 
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Table 7: Explaining differences between treatments for the cumulated earnings and variation 
coefficient of earnings of stage 2. 

VARIABLES earn_cum11_20 varcoeff_earn_10_20 

(1) (2) (3)

PRS -8.724 0.292*** 

(8.065) (0.043)

PRS_cooperate -3.987

(7.285)

PRC_cooperate 12.062 

(11.296) 

PRC_selfish 2.714 

(9.665)

Game history of first 10 rounds

earn_cum_10 0.353* 0.364* -0.004* 

(0.179) (0.194) (0.002)

varcoeff_earn_10 141.436*** 142.138*** -2.456*** 

(45.521) (45.329) (0.466)

Constant 13.492 6.432 0.727*** 

(9.587) (11.888) (0.173)

Observations 60 60 60

R-squared 0.212 0.251 0.657 

The model is estimated using a random effects GLS regression. Standard errors are in parentheses: *** 

p<0.01, ** p<0.05, * p<0.1 
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Table 8: Explaining differences between treatments for the earnings and intensity  

VARIABLES Earning Intensity 

(1) (2) (3) (4)

PRS_cooperate -0.950 0.283 -0.581*** -0.338* 

(0.652) (0.648) (0.152) (0.178)

PRC_cooperate -0.750 1.583* -0.233 0.137 

(0.802) (0.932) (0.174) (0.196)

PRC_selfish -1.383 0.628 -0.303** 0.004 

(0.908) (0.843) (0.138) (0.150)

Game history of first 10 rounds

earn_cum_10 -0.029 -0.005* 

(0.032) (0.003)

diff_earn_cum_10 0.119*** 0.023*** 

(0.034) (0.005)

stddev_earn_cum_10 0.239*** 0.032* 

(0.082) (0.017)

Last round

lag_ord_graz_cat_h 1.593* 0.288 

(0.945) (0.245)

lag_ord_graz_cat_l -0.211 -0.029

(1.069) (0.253)

Control

round -0.276*** -0.273*** -0.033** -0.032** 

(0.091) (0.088) (0.015) (0.015)

round_20 1.178* 1.169 0.314*** 0.313*** 

(0.669) (0.731) (0.109) (0.114)

Constant 10.800*** 6.710*** 2.114*** 1.530*** 

(1.376) (2.135) (0.280) (0.330)

Observations 600 600 600 600

R2_w 0.0724 0.0665 0.0268 0.0399 

R2_o 0.0727 0.189 0.109 0.175 

R2_b 0.0733 0.446 0.282 0.459 

Dependent variables are cumulated individual earnings and intensities. The model is estimated using a 

random effects GLS regression. Standard errors are in parentheses: *** p<0.01, ** p<0.05, * p<0.1 

Table 9:  Trespassing of A- and B-players in the property rights treatments. 

PRS PRCTrespassing 
Player A Player B SUM Player A Player B SUM

Total Trespassing 14 17 31 12 33 45
When own pasture 

HIGH 10 10 20 5 18 23

 On HIGH pasture 6 10 16 5 17 22
 On LOW pasture 4 0 4 0 1 1

When own pasture 
LOW 4 7 11 7 15 22

 On HIGH pasture 4 7 11 5 10 15
 On LOW pasture 0 0 0 2 5 7
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Table 10: Rule breaking in the property right treatments  

Rule breaking

(1) (2) (3)

PRS -0.373 -0.029 -0.157

(0.298) (0.364) (0.468)

possible_profit_break 0.137*** 0.145*** 0.218*** 

(0.030) (0.032) (0.048)

PRS*possible_profit_break -0.123* 

(0.064)

Area = ‘A’ 1.054*** 1.109*** 

(0.241) (0.250)

PRS*Area = ‘A’ -0.640* -0.742** 

(0.355) (0.365)

Cumulated until last round 

lag_earn_cum 0.031** 

(0.012)

lag_diff_earn_cum 0.062* 

(0.034)

lag_stddev_earn_cum 0.007 

(0.035)

lag_sanction_cum -0.634

(0.771)

Last round 

lag_number_good -0.107 -0.253

(0.156) (0.174)

lag_diff_earn 0.014 -0.056** 

(0.012) (0.028)

lag_stddev_earn 0.120** 0.148** 

(0.055) (0.060)

Control

Trust -0.500* -0.405 -0.384

(0.290) (0.305) (0.320)

Network -0.110 -0.074 -0.007

(0.257) (0.272) (0.288)

Round 0.074** 0.065* -0.121

(0.032) (0.034) (0.082)

round_20 -0.126 -0.025 0.002 

(0.287) (0.299) (0.310)

Constant -1.015 -1.879* -1.526

(0.936) (1.058) (1.102)

Observations 600 600 600

Ll -202.5 -188.1 -181.5

chi2 28.24 47.94 52.02 

The model is estimated using a random effects probit regression. Standard errors are in parentheses: 

*** p<0.01, ** p<0.05, * p<0.1 
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Table 11: Marginal effects after random-effects probit regression for rule breaking in game 
2008.

VARIABLES Rule breaking

(1) (2)

PRS_cooperate 0.382 0.576 

(0.421) (0.434)

PRC_cooperate 0.082 0.012 

(0.431) (0.535)

PRC_selfish 0.857** 0.721 

(0.408) (0.476)

possible_profit_break 0.133*** 0.137*** 

(0.031) (0.032)

Area = ‘A’ 0.842*** 0.804*** 

(0.180) (0.184)

Cumulated until last round 

lag_earn_cum 0.075* 

(0.039)

lag_diff_earn_cum 0.047 

(0.032)

lag_stddev_earn_cum 0.031 

(0.037)

lag_sanction_cum -0.241

(0.699)

lag_number_good_cum -0.134

(0.125)

lag_degrade_h_cum 3.451 

(2.882)

lag_degrade_l_cum 0.376 

(3.586)

Last round 

Lagearn 0.031 

(0.037)

lag_diff_earn -0.098** 

(0.046)

lag_ord_graz_cat_h 0.041 

(0.448)

lag_ord_graz_cat_l -0.570

(0.525)

Control

Trust -0.501* -0.527** 

(0.280) (0.256)

Network -0.037 0.201 

(0.245) (0.241)

Round 0.065** -0.148* 

(0.033) (0.084)

round_20 0.100 0.121 

(0.287) (0.296)

Observations 600 600

Ll -190.8 -180.5

chi2 48.18 58.35 

The model is estimated using a random effects probit regression. Standard errors are in parentheses: 

*** p<0.01, ** p<0.05, * p<0.1 




