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1. Introduction

According to G. Hardin’s (1968) pessimistic prediction, common pool resources (CPRs)
are destined to malfunction and exhausted in the end if they are overused without proper
maintenance activities in the circumstances where many people gain access to them openly. A
preventive and curative measure proposed by Hardin for circumventing such tragic
consequences is to establish either private ownership or centralized regulation. His
epoch-making article spurred tens of thousands of interdisciplinary researches on this subject,
but if not all at least some of them arrive at the conclusion that goes counter to his prediction
(Feeny et al., 1990; Ostrom, 1990; Baland and Platteau, 2003).

As has been verified by numerous empirical studies, CPRs are more likely to be well
harnessed when social homogeneity is secured among their users, communities have a longer
history of sedentary agriculture in densely populated terrains, severer restriction is imposed on
the resource utilization, development of market economy is far lagging behind, people have a
longer time horizon, and user groups are smaller in scale (Hayami and Kikuchi, 1981; Olson,
1965; Ostrom, 1990 and 2000; Wilson and Thompson, 1993; Bardhan, 2000; Banerjee et al.,
2001: Fujiie et al., 2005). These findings translate into the conjecture that the protective
mechanism that is actually at work is neither market function nor state control, but
community-base collective activities under which users organize themselves autonomously,
and devise and modify indigenous rules in such a manner that CPRs are kept in better
conditions (Ostrom, 1990, p. 20).""

It is true that a great deal of effort has been devoted to identifying significant factors that
initiate cooperative action, but there are still further points that need to be clarified. For one
thing, the hypotheses that are established and tested in the past empirical studies are imprecise,
as has been claimed by Baland and Plattcau (1996, p. 1). More specifically, it is still an open
question as to under what conditions economic homogeneity/heterogeneity facilitates or
impedes mutual cooperation, and in what manner penetration of market economy or an
increasing exit option biased toward one party undermines the effective management of CPRs.
It is no doubt this has much relevance to the question as to how much resource should be
mobilized for CPR preservation, and who are supposed to bear the cost for that purpose.
Hereupon, we have to bear in mind that much research has not gone as far as identifying the
exact impact of economic inequality on the CPR management in spite of that heated debates
have often taken place on this subject (Baland and Platteau, 1999; Dayton-Johnson and
Bardhan, 2002).%

Second, the major concerns of some empirical works are confined to the extraction of
ingredients that facilitate or impede cooperative action at the inter-household or intra-village
level, Indeed, this leaves no room for criticism when CPRs have a small service area, but more

wide-range collective action comes into question if they serve several people across villages



(Knox et al., 2002). According to the analysis below, two village economies that share service
flows from a single CPR are more liable to be thrown into the game structure described as
Prisoner’s Dilemma when the inter-village productivity difference of agriculture becomes
larger. Nevertheless, in the absence of regulated common property regimes, collaborative
efforts for preventing such misery from occurring are less likely to be made in inter-village
than in intra-village situations because the intensity of cooperation is believed to be negatively
correlated with the user group sizes. (A variety of factors must be involved there including
high information costs, lack of an adequate monitoring, hardship of rule enforcement,
heterogeneity of social components.)

One final point that deserves to be mentioned is that most studies usually take up a single
CPR for discussion as if its utilization were separable from that of other local commons. But in
fact, there are a host of cases where identical user group exploits multiple CPRs in an
interactive manner, and sometimes, their preservation may have an intricate trade-off relation
with economic activities in the region. (See Mukhopadhyay, 2004 as to the similar argument.)
To take a simple example, the extent of forest protection, water supply and paddy rice
production are closely inter-linked in the sense that an expansion of arable land in pursuit of an
increase in farm output is accompanied by deforestation, which gives rise to decreased
discharge in dry season.

A modest attempt of this paper is to surmount the aforementioned limitations by using a
model, and to give some theoretical foundation to hypotheses that are previously presented. It
goes without saying, however, that building a model that intends to capture the whole picture
in a comprehensive manner is almost impossible because village socicties are diverse and
CPRs have local specific attributes and characteristics. Thus, we work toward our objectives
with focusing on paddy rice production and CPR management in Yuanyang County of Yunnan
Province, China. The county is located near the national border with Vietnam and 200
kilometer away to the south from the provincial capital city of Kunming. Ethnic people such as
Dai, Yi and Hani and others eke out a living of self-sufficiency with residing in the
mountainous areas of this hinterland at altitudes of 200-2,000 meter. The irrigation systems in
this region are dominated by a simple gravity flow technique and less elegant diversion and
canal structures.

The remainder of this paper is organized as follows: Section 2 builds a model that
describes paddy rice production subject to the limited water availability. Section 3 considers
the determinant of rice production based on two distinct behavioral hypotheses, and by doing
so, calls into question the feasibility of cooperative action for efficient water use and forest
protection. We extend the basic model in Section 4 to examine how much resource should be
mobilized for the conservation of local forest with paying attention to its imperfect
reversibility. The first half of Section 5 discusses the impact of an exit option on collective
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action, while the last half explores the cost-sharing rule that enables CPR users to be mutually

cooperative. Then, concluding remarks are given in Section 6.

2. Description of rice production technology
2.1. Statistical description of village economy

The rural areas of Yuanyang County can be categorized into two groups based on the
topographical aspect: upstream villages (Village 1) and downstream villages (Village 2). Table
1 summarizes the statistical description of this economy. Eight villages are excluded from the
following analysis due to the lack of data, with the result that the number of observations is
equal to 124, Among them, 25 belong to downstream villages, while the rest of them belong to
upstream villages. The table tells us that paddy rice production is the main industry in this
region. It also shows that the share of farmers who are engaged in agricultural production is
higher in upstream than in downstream villages although the difference is quite small. There is
a significant difference in chemical fertilizer input intensity with far higher in Village 2 than in
Village 1. The other indicators, including the number of draft animals on a per capita basis,
both labor and land productivity, and per capita net income, are also higher in Village 1 than in
Village 2. We cannot say from this table that to what extent urbanization has advanced in this

region, but it is no doubt that Village 2 has much advantage in this respect.

Table 1. Summary of village economy

Upstream (Village 1) Downstream (Village 2)

MNumber of villages & 25
Share of agricultural labor (%) 86 84
Share of rice production labor (%) 82 77
Chemical fertilizer per mu (kg) 19.4 65.4
Ratio of draft animal to agricultural workers

(head/person) 0.27 0.39
Labor productivity of paddy rice (ton/person) 0.40 0.50
Land productivity of paddy rice (ton/mu) 0.42 0.58
Per capita net income (yuan) &77(101) B47(191)

Motes: (1) Every statistics is computed from the village survey 2004 (Yuanyang County Government). {2) The
data of urban areas are not included in the original survey. (3) The mean values are based on the aggregate data
of upstream and downstream, respectively. (4) The numbers in parentheses are standard deviations. (5) Mu is
equal to 1/15 ha

2.2. Model assumption

Our village survey conducted four times between 2004 and 2005 reveals the following

facts:
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(i) Village 2 has no water source of its own for paddy rice production and that the amount of
irrigation water available to both Villages depends exclusively on torrential water flow whose
sources are local forest in Village 1. This means that water availability is exclusively
influenced by the degree to which Village 1 protects local forest in their territory.

(ii) Due to the difference of atmospheric temperature with lower in the higher altitudes,
double-cropping of paddy rice is possible only in Village 2.

(iii) Village 2 is more likely to suffer from water shortage than Village 1.

(iv) Rural people have already halted slash-and-burn agriculture under the Land Afforestation
Program,”’ but there remain some bald territories in Village 1 that are left unused for
agriculture.

We can see from fact (i) that head-enders have a locational advantage over tail-enders in
determining how much irrigation water is drawn and released among users. As has been
referred to by some scholars who deal with irrigation water management (e.g., Bardhan, 1993;
Ostrom and Gardner, 1993; Lam, 1996), this kind of locational asymmeltry is not specific to
paddy rice production in rural Yunnan, and may give rise to conflict scrambling for scarce
resources. On the other hand, fact (ii) suggests that tail-enders have an agro-climatic advantage
for rice production over head-enders.

Taking these facts into consideration, paddy rice production function is specified by the

following Leontief type:
Q,' =bfG(m: Af! LI}=5‘¢(H'::IIT&H[A‘, LJ] [i=]! 2}1 (1}

where O, W,, A,, and L, denote the amount of rice produced annually, the amount of
water used for paddy rice production, the area of paddy fields, and the number of labor
engaged in rice production in Village i, respectively. The coefficient of b, is included to
capture the productivity difference between the two Villages that is entirely attributed to
agro-climatic conditions, while @(#¥,) is included to capture the influence of irrigation water
availability. The following assumptions are imposed on equation (1):

(a) by =1<b, =b isassumed from fact (ii).

(b) By referring to the unpublished data of the IRRI (Levine, 1980, Figure 3.2), ¢(W)) is
specified as follows:

1 if W'<Ww’

e(<l) otherwise

#(W) ={ (2)

where W and W' denote water demand and supply of Village i, respectively. When there

exists an excess demand for water, @¢(,) decreases by 100(1-¢)% in comparison with the



situation of WY <" because paddy rice is intolerant to drying and highly tolerant to excess

water (Ostrom and Gardner, 1993).

(c) The territory of Village 1 is divided into paddy fields (4, ) and local forest R. The total
area is equal to R . Section 4 modifies this assumption because it contradicts fact (iv). All
arable lands of Village 2 have been converted into paddy fields and their area is equal to R.
(d) The endowment of workforce in both Villages is equal to L and that there is no

dependent member. The paddy rice production technology is described as min[4,, Ll=A4,.

In the case where irrigation water is sufficiently supplied to Village 1, and it is not to
Village 2, rice productivity of Village 2 relative to Village 1 is equal to be. The production
function estimates in Appendix A provide empirical evidence that one-input production

function can be justified.

3. Benefits from cooperative action and its feasibility
We have the following equation from assumption (c):

R=R+A4,. 3)

Equation (3) and assumption (d) suggest that Villagers 1 who live close to their subsistence
level have a potential incentive to convert their local forest area into paddy fields in order to
mitigate over-employment or population pressure brought to bear on farmland.

If demand for irrigation water is proportional to the area of paddy fields, we have the
following function:

W' =Ww!(4)=m4, ~ (m>0,i=1,2). (4)
On the other hand, since provision of irrigation water in the long-run depends on to what
extent local forest is preserved in Village 1, a water supply function is specified as:

W =W*'(R)=nR (n>0). (5)

Based on these setting, this section builds a theoretical model that determines water allocation
between villages and the quantity of rice produced, and by doing so, examines the feasibility of

cooperative action for efficient water use and forest protection.
3.1 Case ]

Case | assumes that Village | determines supply of irrigation water in such a manner that

rice produced in the village may be maximized by taking advantage of its locational superiority.



This can be formally expressed by:

max G =¢(W))4

AR (6)
s.t. (2), (3), (4),and (5).

The production function of Village 1 is reduced to the above form from assumption (d).
Consider first the situation where water supply and demand of irrigation water in Village 1 are
brought into balance. The equilibrium condition, mA, = nR , is reduced to:

A =zR, (7)

where z=n/m. Equation (7) combined with equation (3) yields the following equations:

Bt ®)
14z

,{I'=_IE__ (9)
l1+:z

Secondly, consider the situation where Village 1 over-supplies irrigation water by keeping

the area of local forest more than R’. Water supply that is beyond demand does not affect
@(W,) from assumption (b), only to decrease the amount of rice produced compared with the

situation of W,” =W through a decrease in the arable land. Therefore, W <W* is less
likely to happen.
Thirdly, consider the possibility that irrigation water is under-supplied. If let A" denote

the area of paddy fields in this circumstance, we have A4’ > A’ . Indeed, an increase in the

arable land may contribute to an increase in rice production, but such a positive effect may be

cancelled out by the fact that irrigation water cannot cover the whole area of paddy fields. If

the former effect prevails entirely over the latter, the amount of rice produced ( (J] ) would be
maximized when forest in Village 1 is entirely depleted, that is, 4" =R . Although the

difference between (O = eR and Q] is ambiguously determined, we have eR <) if the

following equation is met:

es——. (10)
1+z

Equation (10) is more likely to be met when e has a smaller number (a severe production



loss from water shortage).”) If this is the case, Village 1 has no incentive to under-supply

irrigation water.
Under the situation of W, =W, the amounts of rice produced in Villages 1 and 2 are

shown in the first column of Table 2. If the following equation is met, we have O; < 0, :

z
i 11
E.\5'(]+;z]| (1

Table 2. Summary of rice output

Case | Case 2

. zR .._(z-l]f_i,' o o I 7
Village 1 Q]_l+z @ = 1+:z @ 14z l+ﬁ"z]
Village 2 Q. = ebR Q)" =bR 0 =bR

2
" z = e Z—I = =T 2 1 -
= — — = —— — R
Total [#] [1+I+eb]R [#] [1+z+b:|ﬂ‘ (o] |:I+z l+ﬁ‘z+b}

Mote: ¢ and 7 (i=1,2) are solutions of equation (6) and (13), respectively.

3.2. Case 2

Case 2 assumes that Village 1 determines supply of irrigation water in such a manner that
the total amount of rice produced in Villages 1 and 2 may be maximized. Now, consider the
situation where water supply and demand of irrigation water are brought into balance as a

whole. The equilibrium condition is written as:
m(A4, +R)=nkR. (12)

Besides the volume, timing is also a crucial facet of water distribution. Since water demand of
paddy rice production has in general a periodic peak with the highest in puddling and earning
seasons, inter-village timed rotation or recycling use of Village 1s drainage water would help
to moderate water shortage in Village 2. The upstream farmers in this region, however, make it
a rule to keep irrigation water to the full in their paddy fields even after harvest. This is partly
because by doing so seepage and percolation of paddy fields are effectively controlled and
partly because plowing paddy fields that are submerged does not need much manual work in
the next spring. The rejuvenation of soil quality and no necessity of field conversion for
other-crop-growing may be another reason why they flood their paddy fields throughout the
year. These facts combined with the lack of water source other than torrential water flow make

the equilibrium condition be given by equation (12).



The optimization problem faced by Village 1 is expressed as:

max Q= bhe(W)A4 =) b4

A R ~ - (13)
.t (2),(3),(4), and (12).

From equations (3) and (12}, we have

R" -t (14)
|
Ah - (Z—I)R [15}
1+z

As is evident from equations (8), (9), (14), and (15), we have R <R” and Al' ‘:.-AI“

unconditionally. In order for equation (15) to make sense, the following equation has to be
met:

zz]. (16)

It should be noted that over-supply of irrigation water is less likely to happen for the same
reason as in Case 1. When equation (10) is met, the necessary condition by which the total
amount of rice produced in Case 2 exceeds that in Case | {Q’ = Q"] is written by:

S (17)

T(l-e)(l+2)

Equation (17) is more likely to be met when e has a smaller number and b has a larger
number, and it constitutes a necessary condition by which irrigation water is never
under-supplied in Case 2 because water shortage for Village 2 in Case 2 is nested in Case 1.

The amount of rice produced in Case 2 is shown in the second column of Table 2. As long
as equation (17) is met, inter-village cooperation would help to increase the total amount of
paddy rice produced, and the same time, it would be conducive to the protection of local forest.
In addition, the ratio of Q" /Q" is an increasing function of b, suggesting that the larger the
productivity difference between Villages 1 and 2, the greater production increase obtained
from cooperative action for efficient water use. Nevertheless, Village 1’s selfish behavior ends
up with a production loss resulting from water shortage in Village 2. In order for Village 2 to
keep the condition of @(W,)=1, Village | has to refrain from converting their forest areas
into paddy fields to some extent. This, however, brings about an adverse effect on Village 1's

paddy rice production through a decrease in the arable land.
The shadow area of Figure | represents the range of (e, b) that satisfies equations (10)
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and (17) under the situation of z =3. The area is divided into two parts: one satisfies equation
(11), and another does not. When the value of z increases, Line (10) shifts rightward, and
Line (17) shifts right-downward, with the result that the shadow area expands. An increase in
z shifts Line (11) upwards. The three Lines of (10), (11) and (17) cross at b =1, irrespective
of the value of z. To the extent that (e, b) is within this shadow area, there is room for
Villages 1 and 2 to be cooperative by which the total amount of rice produced is larger than in
Case 1. According to the production function estimates in Appendix A, the productivity
difference between the two villages ranges from 1.29 to 1.48. Thus, on the assumption that
e=0.70, for instance, 1.29<he<1.48 is reduced to 1.84<b<2.11. As Figure |
illustrates, this range of (e, ) denoted by aa’ is within the shadow area. On the other hand,
in the case of e >0.75 meaning that the degree of a production loss due to water shortage is
less than 25 percent, they have no incentive to be cooperative, even if b has a large number.

b
Line (17) :
, Bt o [
g i .
1.5 Pl ol T i Sl b Ml e el oo
I- :.""".::'-"--'---:h--'--
‘..-.li'i.'
05 frer-cmecccspermcmm e mmmmr e e e nman e
i i
H q i
i 1] []
L] i L)
i i H
L] 1 L]
i t - ::
0 0.25 0.5 0.75 1.0 e

Fig. 1. Cooperation possibility set

Motes: (1) Lines (10), (11}, and (17) represent the loci when equations
(10), (11), and (17) are satisfied by equalities. (2) z issetatl.



3.3. Absence of inter-village landholding arrangement

The situation where an optimal forest area is determined by equation (14) can be referred
to as the long-run equilibrium. Apart from Village 1’s indifference toward Village 2’s water
shortage, there is another institutional factor that deters the equilibrium from being realized.
Now, we shall consider two distinct ways irrigation water is released among user groups;
equity rule: water is so distributed that a production loss due to water shortage may be
minimized; efficiency rule: water is so distributed that the loss may be shared between them.

Figure 2 illustrates the total amount of rice produced in Villages 1 and 2 that depend on
how water is distributed. When water supply is less than nR", both villages suffer from water
shortage under the equity rule. Thus, the total quantity of rice produced is equal to

O=ed + ebR that is denoted by aa". When water supply is equal to or more than nR™, no
village suffers from water shortage under the rule. Thus, the total quantity of rice produced is

equal to Q=4 +bR that is denoted by dd’. The reason for (@ being a decreasing function

of W?* for each range is that an increase in water supply is accompanied by a decrease in the
arable land of Village 1.

Total output 4

O =ed, +ebR . : )

Water supply

nR"  nR nk
Fig. 2. Water supply and rice production

Mote: To the extent that equations (10) and (17) are met, wehave O, <0, =0 =0,,
where () denotes the output level corresponding to point j in this figure.



Next, we shall consider rice production under the efficiency rule. R in Figure 2 denotes
the forest area of Village 1 that brings supply and demand of Village 2's irrigation water into
balance with no irrigation water available to Village 1. Since the equilibrium condition is
written by mR =nR, we have R' <R=R/z<R". For W* <nR" or W’ znR", the
total amount of rice produced is equivalent to that under the equity rule. On the other hand,
when water supply is within the range of nR' <W® <nR, water should be provided
preferentially to paddy fields of Village 1 for rice production to be maximized, while it should
be to paddy fields of Village 2 when MR <W* <nR™. That is, in order for output per unit of
water to be maximized, irrigation water should be selectively released and conveyed instead of
being spread over the entire field.

As is evident from this figure, the output level varies depending on how irrigation water is
distributed when nR’ <W* <nR", which is reflected on the divergence between bb' and a'a",
and cc' and a"a"™. In so far as this divergence gives rise to conflicts, inter-village cooperation
should be organized, while it is unnecessary when water is severely deficient or excessively
supplied. These considerations are in conformity with empirical findings that the scarcity of
resources is related with the degree of cooperative efforts with an inversed U-shape (Uphoff,
1986; Wade, 1988b; Meinzen-Dick et al., 2002; Fujiie et al., 2005). Namely, water users have a
strong incentive to cope with conflict with each other when water shortage is moderately
problematic, but such an action is less likely to be taken when water is sufficiently supplied or
severely in the short supply. More important is the fact that the loss-sharing arrangement based
on egalitarian rules erodes production efficiency especially when water shortage is moderately
problematic.

One possible measure to reconcile equity and efficiency in production is to divide the
entire paddy fields of Villages | and 2 into a number of scattered sections, and entitle farmers
to cultivate a portion of each section (Wade, 1988a, p. 185; Quiggin, 1993). This kind of
arrangement allows them to allocate irrigation water based on the efficiency rule without
conducing to income inequality with the result that the optimal forest area can be realized.
However, the implementation of scattered landholding across villages in rural China is almost
impossible because such arrangements are confined to inside villages alone under the current
land contract system.””’ After all, it follows that a negative externality created by head-enders’
overexploitation of resources is unable to be well controlled to the extent that they are

concerned only with their self-interests and the inter-village landholding arrangement is absent.

As a consequence, R insteadof R™ isa likely equilibrium.
1.4. Long-run cooperation and its feasibility

We shall return to an argument regarding an alternative situation of Case | or Case 2.

Figure 3 is depicted on the presumption that equations (10) and (17) are met. The horizontal

—00—



and vertical axes measure the amount of rice produced by Village 1 and Village 2, respectively.
The points a and b in this figure correspond to the production combination in Case 1 and Case
2, respectively. Since the two Villages have the same population from assumption (d), the
aggregate production for each Village can be seen as an indirect measure of per capita rice
consumption if there is no income transfer. The highlight of this analysis lies in the fact the
inter-village inequality measured by rice production would be endogenously generated as a
consequence of cooperation. Note that this provides us with a new perspective on the way
inequality bears upon cooperation because most studies on this subject look upon economic
heterogeneity among CPR user groups as being exogenously given by some factors such as
differential access to credit, asset (land) holding, technology and so on, and then explore the
impact they have on collective action (e.g. Aggarwal and Narayan, 2004; Cardenas, 2003,
Dayton-Johnson and Bardhan, 2002; Jones, 2004; Molinas, 1998; Mukhopadhyay, 2004). On
the other hand, the rice production disparity appeared in Figure 3 has nothing to do with the
predetermined inter-village difference of asset possessions and endowments. In effect,
economic heterogeneity originating in the imbalanced distribution of wealth is not critical in
rural China because egalitarianism associated with the legacy of socialist regime is still

prevalent under collective landholding, limited immigration, and no existence of the landless.
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Fig. 3. Inter-village cooperation and Pareto-improving contract



If equation (17) is met, Case 1 is not only inefficient in terms of paddy rice production but
also harmful to local forest preservation. With a view to circumventing the advent of such
misery, some mechanisms should be devised so that Village 1 may prefer Case 2 to Casel.
Now, suppose that some amount of rice produced in Village 2 is gifted to Village 1 in return for
Village 1's altruistic behavior, by which irrigation water is supplied to Village 2 to the point
where equation (12) is met.'” Starting from point a in Figure 3, in order for all people
concerned to have Pareto-improving outcomes, the rice consumption pattern must lie
somewhere along the contract line of cd."”” If Village 2 has a strong bargaining power for some

reason, the amount of rice consumed by Village 1 (C,) is equal to O ; that is, Village 1’s
participation condition for this bargaining game is met as an equality. By contrast, if Village |
has a strong bargaining power, they have C, = (J;, where C, denotes the amount of rice

consumed by Village 2. In short, the determination of consumption pattern is conditioned by

the existing power structure.

Table 3. Mash equilibrium

Game 1 Village 2
[ 5
c (€, G) @, &)
Village 1
s @, &) @, o)
Village 2
Ciame 1l
C 5
c (€, ) @, o
Village 1
§ (@ -R, O)) Q' -R, O
Village 2
Game 111
C(w) 5(1=w)
Ciw (G, C) {QI"r Q;'_Pz}
Village 1

Maotes: (1) C: cooperation, 5: non-cooperation. (2) It is assumed that equations
(10 and (17) are met,



Although Case 2 outperforms Case 1 in terms of rice production efficiency and the
conservation of local forest, such outcomes are not necessarily guaranteed to emerge. The
normal-form representation of this game (Game I) illustrated in Table 3 tells us that the game
ends with the Nash Equilibrium of (S, S), the Prisoner’s Dilemma. Infinitely repeated game
might lead to mutual cooperation by avoiding such a dilemma if both players adopt a trigger
strategy with the reasonable discount rate in their mind.”® Inter-linkage between the irrigation
game and the community social exchange game is another remedy for staying away from the
Prisoner’s Dilemma (Aoki, 2001, p. 47).%

As far as paddy rice production in Yuanyang County is concerned, there are a couple of
factors that impede inter-village cooperation. For one thing, it is demographic heterogeneity.
Ethnic people in this region reside in the mountainous areas in segregated manners in
accordance with the altitude, with Dai people in lower, Yi people in middle, and Hani people in
higher altitude. If correct is the hypothesis that social heterogeneity makes up one of the
significant causes that deter cooperative action (Bardhan, 1993 and 2000), inter-village
cooperation is less likely to be forthcoming. For another thing, the degree to which potential
gains from collective action are reliably assured is of great importance for farmers’ concerted
efforts to be mobilized (Ostrom, 1990; Gaspart et al.,, 1998; White and Runge, 1994). Our
interview to the farmers in this region reveals that few of them are aware of fruitful outcomes
of incremental rice consumption realized by mutual cooperation although almost all of them
correctively perceive the importance of local forest protection. The fact that there is few
reservoir or pond that facilitates efficient water use is thought to be the major cause of making
potential gains unpredictable.

Among a large array of possible method for mitigating water shortage, the penalty system
that punishes people who deforest has been implemented across China under the Land
Afforestation Program. And in fact, the forest coverage in Yunnan Province has been
increasing over the past years since the enactment of this Program."” This is in line with the
thought that local forest management under common property regime would contribute to an
overall efficiency improvement by internalizing externalities over a large geographical unit (de
Janvry et al.,, 2001, p. 11). But, this Program poses a serious problem of income distribution.
Game II in Table 3 shows payoff of Villages | and 2 under the Program. It is assumed that

Village 1 pays a fine of F that satisfies P, >0 =0 to the govemment when they choose

non-cooperation. This game ends with (C, S) because C, <0} . Although the total amount of

rice produced increases as compared with Case 1 (see Figure 3), the rice consumption pattern
is a far cry from the Pareto-improving outcomes because the distribution is highly skewed in
favor of Village 2.



To solve this problem, we shall consider how the program should be reformed. Game III
in Table 3 illustrates that Village 2 pays a fine of P, when it chooses non-cooperation in

response to Village 1°s cooperative behavior. It is assumed that P, satisfies:

P>0] -C, . (18)

Note that since C, =, is always met, Village | needs not be punished for its betrayal in

response to Village 2’s cooperation. As is easily understood, this game has two Nash
Equilibriums, (C, C) and (S, S). According to Baland and Platteau (1996, chapter 2) that
exemplify the situation where two Nash equilibriums coexist, the selection of inferior
equilibrium (8, S) is due to a coordination failure under the unregulated common property
regime. An evolutionary thinking, however, might preclude (S, S) without players’
coordination efforts.

Now, let y,(i=1,2) and 1-y, be the ratio of people in Village i who choose C and

S, respectively. The average payoff of Village 1 and 2 is given respectively by:

ave u, = y[3,C, + (1= 3,07 1+ (1- 1)0;,

ave u, = y,1,C, "'yl':l_,}"z}[Q; 'Pz]"‘{l_J’l]Q;-

Thus, replicator equations are given by (Maynard-Smith, 1982; Weibull, 1995):

%ﬂ.{mt@—am.]:m-y.)[y;r:.+ﬂ—y=)9!‘—Q.'lfy-ﬂ-h% (19)
%=J’z£”z{c)_m’e 1= y,(1=y,)0[C, - Q5 + B)=y,(1-3,)B, (20)

where u,(C) (i=1,2) denotes the expected payoff of C behavior.

To the extent that equation (18) is met, B is positive. Thus, we have dy,/dr=0,
suggesting that the number of Villagers 2 who choose C increases over time. On the other hand,
A is positive only when y, satisfies the following equation:

c-or

When equation (21) is met, we have dy, /dt =0, suggesting that the percentage of Villagers 1

yI}_Q. —9 _ : . (21)

who choose C increases. By contrast, when p, < y;, we have dy, [dt<0. The phase



diagram depicted in Figure 4 illustrates that the Nash Equilibrium of (C, C) is the only
evolutionary stable strategy (ESS) of Game 111"

The strategy set of (C, §) corresponding to (), »,) =(1,0) is the Nash Equilibrium of
Game II. Therefore, if the penalty system is altered from Game II to Game [II, the number of
Villagers 2 who change their strategy from S to C increases throughout the time, while that of
Villagers | who choose C decreases first, and then increases. Equations (21) tells us that when

C = Q, , we have y; = 1. This signifies that when the participation constraint of Village 1 for

the bargaining is met as an equality, the number of Villagers 1 who choose S behavior
increases throughout the time. By contrast, even if the participation constraint of Village 2 is
met as an equality, Villagers 2 prefer C to S behavior because C is a dominant strategy for
them in Game III. At any rate, we can understand from equations (19) to (21) that the way in
which rice is distributed between the villages plays a significant role in determining the

dynamic aspect of cooperation.""” Section 5 discusses on this issue in a great detail.

Yz ESS in Game 11
[ .
1 /—‘—)
» [
L
0 Iy
Nash Equilibrium of Game [ Mash Equilibrium of Game Il

and II {Prisoner’s Dilemma)
Fig. 4. Phase diagram (I)
4. Imperfect reversibility of natural resources and costs of reforestation
We have so far discussed private benefits accrue to collective action. Another important

thing that should be questioned is costs CPR users have to pay for its preservation. This is
directly related to the fact that the movement from Case 1 to Case 2 (reforestation) requires



more strenuous activities than the reversal one. Thus, with a view to examining the impact of
the imperfect reversibility of natural resources on inter-village cooperation, we rewrite

equation (3) as:

(22)

- R -p(A4-4) (0sB<]) if RzR (4<4)
| R-4, otherwise j

Equation (22) captures the situation where forest in Village 1 does not restore its original

condition when reforestation starts from A4, = A, in Case 1. In the case of R2 R’, the area

that is neither paddy fields nor local forest is equal to R —R-4 >0, which exactly

corresponds to fact (iv) that some bald territories in Village 1 are left unused for agriculture,
The degree of reversibility is measured by a coefficient of [ ; the smaller the value, the larger

the degree of irreversibility.
Under these general circumstances, the condition by which supply and demand of

irrigation water are brought into balance for both Villages 1 and 2 is rewritten as:
nR" - B(4, - 4] = m(4 +F).
Substituting equations (8) and (9) into this equation, we have:

- [ BZ-1 |5
4 {{1+z)(l+ﬁz)]3' @)

where }i] denotes the area of paddy fields of Village 1. In order for equation (23) to make

sense, the following equation has to be met:
pz1/zt. 24

Naturally, equations (23) and (24) are reduced to equations (15) and (16) when A=1,
respectively. The third column of Table 2 presents the amount rice produced in this situation.
Based on these presumptions, we consider in what follows how much resource should be
set aside for the purpose of reforestation and who are supposed to bear the cost. Since the
determination of cost based on the marginal cost principle is expected to be troubled with
problems engendered by free-riding, it is reasonable to levy 100x % tax of rice production

on every irrigation water user.”"”’ Under this rule, x is so determined that (1- x)0" may be

_gﬁ_



maximized, where Q" denotes the total amount of rice produced when the paddy field area

of Village 1 is given by equation (23). In general, f=/f(x) and f'(x)>0 is expected; to
what extent degraded land restores its capacities to supply irrigation water depends crucially
on resources that are mobilized for that purpose. Since we conduct calibration analyses in
Section 5, S(x) is specified as the following linear form:

f=ax (a>0), (25)

where @ denotes a constant term. The optimal x (x') is defined as:

5 ™o 1 _
x =argmax (1-x)0 =argmax {l—x][ljz—l+axz+b}ﬂ.

By solving this, we have:

L=l (+z)1+az) 1 (26)
az z+b(l+2)
It is confirmed that the second order condition is broadly satisfied." When the cost of

reforestation is taken into consideration, the necessary condition by which cooperation is

forthcoming is given by:
(1-x")0" -0" 20. (27)

Due to the fact that net rice production decreases as compared to the case where forest is
perfectly reversible, the contract line shrinks from cd to ¢’d’, as illustrated in Figure 3. That is
to say, the imperfect reversibility of natural resource does a serious harm to collective action
by narrowing its feasibility set. The remaining question as to the cost-sharing between Villages
1 and 2 will be discussed in the next section.

5. Cooperation and economic homogeneity/heterogeneity

As has been stressed in Section 3, the distribution of rice for consumption constitutes one
of the most significant elements that shape the dynamic aspect of cooperation. Thus, we first
intend to determine the consumption pattern with the aid of Nash Bargaining Solution (NBS),

which can be formally expressed by:



max  p=(C - X }C, -X,)

.Gy

st. C+C=(1-x)0"

where X, (i=1,2) represents an exit option of this bargaining game for Village i; that is,
failure of the bargaining ends up with C, = X, (i =1, 2). Otherwise, the solution is given by:

C;ﬁﬂ_x }Q +X|_X1‘
2
C: (l—x')Q"z— X+X,

Inasmuch as equation (27) is met, we have always C =20, (i=1,2).

We can define the situation where X, > (1-x")0" -Q: =X . (i=L2:i#)) ismet,

which is generated by high alternative income from non-farm sectors or job opportunities
outside the village. No doubt this causes to break down the bargaining, and thereby dissolves
inter-village cooperation. In short, “market integration erodes the ability of rural communities
to manage their CPRs successfully” (Baland and Platteau, 1996, p. 270). By contrast, as long
as Villages 1 and 2 have no exit option other than producing paddy rice, they have

X, =Q: (i=1,2). Therefore, when equation (11) is met, C; < (.1; is obtained, and vice

versa. But in fact, X, > Q; is likely because Village 2 located in downstream is thought to

have a geographical advantage over Village 1 in terms of market proximity. Accordingly,
people in Village 2 are able to exert a strong bargaining power against Village 1. Furthermore,
in the case of X, > X

deviate from the bargaining. These considerations provide us with a good understanding of

1 » Village 2 will lose interest in paddy rice production, and therefore
why mutual cooperation is doomed to collapse when market economy penetrates across
regions and/or economic heterogeneity among CPR users goes beyond a certain threshold
point,¥

The question that should be addressed next is to see how the dynamic process of
cooperation evolves when nobody has an incentive to deviate from the bargaining. More
specifically, we would like to spotlight how the responses of Villages 1 and 2 in accordance
with the reform of penalty system are affected depending on the cost-sharing or the resultant
distribution of rice for consumption. For this purpose, calibration analyses are conducted. See

Appendix B as to quantifying the relevant parameters.



In calculating equations (19) and (20), it is assumed that one percent population in each
Village mutates and deviates from the Nash Equilibrium in Game II. On the assumption of
(a,b,e,z)=(9,2.0,0.7,4) , we have rice production in Case | and Case 2 as

(O], 0;)=(0.80R,1.40R) , and (', 0;)=(0.52R,2.00R) , respectively. Inter-village

cooperation results in the exacerbated inequality, as has been seen in Figure 3, with an

additional benefit exclusively accruing to Village 2 at the expense of Village 1. Since x s
computed as around 0.073 from equation (26}, the cost of reforestation, x'@", is equal to
0.18R . Sharing the cost between Villages 1 and 2 proportional to the amount of rice they
produce is impossible because (1 —x')@," > Q,' is not met (Village 1 has no temptation to

enter into the contract). On the other hand, the cost-sharing rule on a basis of the command

area they cultivate is all the more unrealistic for the cost burdened by Village 1 increases

more."'®

Thus, the following three cost-sharing rules are presumed under the restrictions of

(1-x)0" =C/ +C}, and C =@ (i=1,2), and P, =1.2R """ First, we determine the
sharing rule so that C: may be minimized (or equivalently, X, =X, . ), from which the

cost borne by Villages 1 and 2 is equal to [sl',s;]:{—{].ﬂsf,ﬂﬂﬁf). This means that

Village 2 not only bears the entire cost of reforestation but also hands over some portions of

their rice production to Village 1. In spite of this, the dynamic process does not converge to

mutual cooperation because they have y; =1 under C; =0 . The phase diagram depicted
in Figure 5-1 shows this situation. Second, we determine (s ,s;]z[—ﬂ.ﬁf, 0.53R) and
(C,C) =(0.87R,1.47R), which corresponds to the consumption pattern in the case of
X, =0 As Figure 5-2 illustrates, this cost-sharing rule guarantees the dynamic process to

arrive at the ESS. Third, income transfer is further increased to the point where C) is
minimized (or equivalently, X, =.X,_.. ), meaning that the participation constraint of Village

2 is met as an equality. In this setting, we have (s;,s;]=[-ﬂ.42§, D.E-DE}
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and(C;, C;)=(0.94R,1.40R), and the phase diagram is shown in Figure 5-3. (Recall that

Villagers 2 choose C even in this situation because cooperation is a dominant strategy for them

in Game I11.) Although the configurations are quite similar between Figures 5-2 and 5-3, time

required for reaching the ESS (T") differs considerably. The dotted in Figure 5 denote the
convergence loci in the case where either forest is perfectly reversible without any cost
(f =1) or the entire cost of reforestation is shouldered by someone else. Roughly speaking,

the loci shift rightward as a result of the disposable rice for consumption (DRC) increased by
x'é’# .
Figure 6 is illustrated by assuming (a, b, e, z)=(9,2.0,0.25,4), by which the rice

production in Case | and Case 2 is computed as (0, ()= (0.80R,0.69R) , and

(0,0 )=(0.49R, 2.75R), respectively. The difference from the previous case lies in the
fact e is decreased with other parameters being unchanged, with the result that they have

Q‘; > Q; (As is shown in Figure 1, O > Q; is a likely result for a smaller e.) Likewise,

three cost-sharing rules are presumed under the restrictions of (1-x)Q" =C +C;,

C: EQ: (i=1,2), and P, =2.2R " First, the sharing rule is so determined so that CT

may be minimized. By the same token as the previous case, no convergence to mutual

cooperation occurs as shown in Figure 6-1. As the second and third const-sharing patterns,

X, =0 and X, =X, are assumed, which generates {S;,S;]={—l.ﬂgﬁ,l,29§}, and

(s, ,.5';}={—l.35§, 2.06R), respectively. Figures 6-2 and 6-3 illustrate that although the

convergence is possible in both cases, time required for reaching mutual cooperation differs

between them,

We can see from Figures 5-2, 5-3, and 6-2 that an increase in DRC from (] —-x']@'" to
Q“ shortens the convergence process to reach the ESS, but this does not hold true for Figure

6-3 with 7" more than twice when DRC is equal to Q" as compared with when it is equal
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to (1—x")0" . Accordingly, it follows that there is another factor other than the magnitude of

an additional DRC obtained from cooperation that dictates the convergence velocity.

Figures 7 and 8 illustrate the relationship between C;/C; and T (the solid and dotted
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lines correspond to DRC that is equal to (1-x")Q" and Q", respectively)."” Since we
have no choice but to change C' under the restriction of C, 20} (i=1,2), C//C; =1 is

impossible when O <Q; . Indeed, DRC is one of the determinants that shape the

convergence, but the way rice is distributed is much more influential. More precisely, with an
increasing similarity of the consumption pattern between Villages 1 and 2, the dynamic process
moves swiftly from the Nash Equilibrium in Game II to Pareto-superior outcomes in Game I11.
To put it another way, in order to get the penalty system on the right direction through which
mutual cooperation is realized as the ESS, its reform program has to entail income transfer
from downstream villages that would acquire a large additional gain from cooperation to
upstream villages that would suffer serious income loss by decreasing the paddy field area.
Olson (1965, p. 34), Wade (1988a, p. 190), and among others contend that cooperation would
be forthcoming to the extent that those who have a disproportionate great interest in the
effective regulation of local commons are motivated to pay a major share of the costs
involved.”™™ Not only consistent is our analysis with their claim in the sense that Village 2
bears more than the entire cost of reforestation, but also contributes to the relevant literature by
saying that income transfer and “resultant” economic homogeneity are of great importance for

Pareto-superior outcomes to appear swiftly in an evolutionary manner.

6. Conclusions

Paddy rice production and irrigation water use in Yuanyang County of Yunnan Province
in China is characterized by the situation where head-enders have a locational advantage over
tail-enders in determining how much water is drawn and distributed among rice producers in
the territory. By contrast, downstream villages have an agro-climatic advantage for rice
production over upstream villages in that double-cropping is possible only in lower altitude. In
addition, rice production in this region is subject to the inter-linked management of local forest,
supply of irrigation water, and an expansion of paddy fields. Our consideration reveals that the
locational asymmetry is liable to throw this economy into the game structure described as
Prisoner’s Dilemma.

One of the major objectives of this paper is to develop a theoretical model that mirrors
these phenomena, and thereby, to identify the conditions and institutional frameworks by
which inter-village cooperative action would bring about welfare-enhancing outcomes to local
stakeholders. The analysis elucidates that the feasible set in which they become better off as a
result of cooperative action shrinks when the risk of irreversible depletion of CPRs is increased.

By contrast, the wider the productivity difference of rice production between upstream and



downstream villages, the larger benefits expected from mutual cooperation. The model also
tells us that Pareto superior outcomes in this economy are not only efficient in terms of rice
production but also preventive to deforestation. Nevertheless, such outcomes are beyond their
reach as long as farmers behave themselves to their own interest and the inter-village
landholding arrangement is absent.

The government of China has adopted the penalty system under the Land Afforestation
Program in order to prevent such tragic consequences associated with Prisoner’s Dilemma
from occurring. Indeed, the system is in fact conducive to circumventing the advent of
Prisoner’s Dilemma by internalizing externalities, but it causes a serious problem of income
distribution with highly skewed in favor of downstream villagers. With a view to mitigating
this kind of distributional problem, the ongoing penalty systems should be reformed in such a
way that farmers who betray in response to others’ altruistic behavior should be punished. This
policy reform makes it possible for every stakeholder to have Pareto superior outcomes as the
evolutionary stable strategy (ESS).

Another important implication drawn from the analytical combination of Nash Bargaining
Solution with the evolutionary game theory is as follows: an overall penetration of market
economy or inequality beyond a certain threshold point is to the detriment of inter-village
cooperation, and as opposed to it, transfers as a means of equalizing income help to regulate
CPRs effectively. Implicit in this argument is that a simple beneficiary-pay principle in the
presence of credible punishment is conducive to mutual cooperation irrespective of the degree
of ex ante group heterogeneity. Finally, external regulators in charge of identifying the
beneficiaries and implementing the transfer and penalty mechanisms feel less troublesome
partly because it is neither hidden information nor hidden behavior but locational asymmetry
that constitutes the proximate cause of inter-village inequality and partly because group
heterogeneity is generated endogenously as a result of cooperation.

Appendix A. Production function estimates

With the aim of testing the validity of production function specification and measuring
the productivity difference between Villages 1 and 2, we estimate the paddy rice production
function using the 2004 village data that were collected by this author in Yuanyang County. To
begin with, the production function is specified by the following Generalized Leotief (GL)
type (Chambers, 1988):

0= 3 Sy.dmn, y,.=7,, ad 7,20, (A1)

mp=l A F K

where ' and K denote chemical fertilizer and draft animals, respectively. For the



estimation, every variable is standardized by the mean value in order to make the estimated
parameters unit-free. The first column of Table A-1 represents the OLS estimation result. There
is a potential endogeneity problem in equation (A1) if an opposite causality from output to
labor input exists. For the purpose of dealing with this problem, equation (A1) is estimated
with the instrumental variable (IV) methods using rural population as the IV, and the result is
shown in the second column. As the p-value indicates, the Hausman test does not reject the
null hypothesis with respect to the parameter consistency at any conventional level of
significance. Thus, labor input is allowed to be treated as exogenous. This result is not
surprising because labor market development in this region is far lagging behind. A parameter
that is statistically significant at a 1% level is y,, alone. Although y,. is significant at a
5% level, its negative sign violates a regularity condition required for the production function
to be well-behaved. Parameters of y,. and y,. are statistically significant at a 5% level,
while y,, is negative. Therefore, one-input production function is estimated by imposing the
restriction of every parameter except y,, is equal to zero, and the result is shown in the third
column. A slope dummy is included to capture the productivity difference between Villages 1
and 2 (downstream = 1, otherwise = 0). The result suggests that two coefficients are highly
significant and that productivity is 100*0.279/0.958 =29 percent higher in downstream
than in upstream villages.

The production function is re-estimated by specifying it as the Cobb=Douglass form. The
fourth column represents the OLS, while the fifth column represents the IV estimates. The
Hausman test does not also reject the null hypothesis with respect to the parameter consistency.
The fitness of regressions equation improves as compared with the GL form. As is consistent
with fact (ii) and assumption (a), the cropping intensity (the ratio of sown areas to land areas)
is positively associated with production. Due to the data restriction, it is impossible to
determine the impact of water availability on production. A positive sign of downstream
dummy, however, indicates that an advantage possessed by downstream villages prevails over
their locational disadvantage in terms of water availability. The elasticity of production with
respect to labor, fertilizer, and draft animals is quite small, relative to land elasticity, and some
of which are statistically insignificant, which does not contradict the estimation result of the
GL function. The last column shows the estimation result when every factor input except land
and the cropping intensity are dropped from the original specification. The productivity
difference between upstream and downstream villages calculated from this one-input
production function specification is equal to exp(0.394 —0.474)/exp(—0.474)=1.48 (48
percent higher in downstream villages) that is larger than in the case of Leontief specification.
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Table A-=1. Estimation results of production function

GL GL with instruments Leontief
Labor ( L) -0.565 (-1.42) -1.231 {-1.25) - -
Land { 4) 1L477*** (307 0.930 (0.84) 0.958%**  (53.51)
Fertilizer { F ) 0.006 {0.07) -0.037 {-0.38) - -
Draft animal { K') 0.161 {1.54) 0.148 (1.39) = =
2 JE.? -0.077 {-0.19) 0.508 (0.50) - -
EJF 0.313* (1.85) 0.469* (1.84) = -
IJE 0.373* {1.93) 0.285 (0.95) — -
EJF <(.058 (-0.39) =0.171 (-0.82) - -
2JAK 0.463%*  (247) -0.368 {-1.30) - -
EJF_K <116 (-1.08) -0.102 (-0.89) - =
Downstream slope dummy - = - = D279%+*+  (5353)
¥ - 1.538 =
p-value e 0.999 -
Adjusted R’ 0.861 0.856 0.842
Observations 124 124 124
Table A-1. Continued
CD CD with instruments cDh
Const. =1.501%%*  (-501) =1.597***  (4.65) -0.474%%  (-2.03)
InL 0055 (1.20) 0.091 (L7 — -
In A 0.928%**  (20.93) 0.907***  (15.70) 0.939%%*  (2863)
InF 0.044* (.77 0.040 (1.54) - -
InK 0.018 (0.75) 0.019 (0.77) - -
Cropping intensity 0.476%%*  (4.63) D.474%%* (460 = -
Downstream intercept dummy 0.156%*** (2.88) O.161%** (2.93) 0.394%*+  (928)
7 = 0.328 -
p-value - 1.000 =
Adjusted R’ 0.901 0.901 0.870
Ohbservations 124 124 124

Mote: Figures in parentheses indicate f-value. ®, **®, and **** represent 10%, 5%, and 1% significance level,
respectively.
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Appendix B. Parameters

For the calibration analyses in Section 5, we fix b at 2.0. Although there is no
information available for us to determine the value of a, it has to satisfy a2 I/xz* from
equations (24) and (25). Substituting equation (26) into this, we have
a2 (z+b+2bz+bz*)/z* . Since the right hand side of this equation is a decreasing function
of z, a has the maximum value when z=1. In the case of b=2.0, we have a= 9 for
z=1. Besides, since the value of z is not indeterminate, we check the sensitivity by

assuming 1<z<7.
The computation results of the relevant variables are presented in Table A-2. In the above

half, e=0.7 is assumed by which we have O <(;, while in the below half, e=0.25 is

assumed by which we have Ql' > Ql . The shadow area represents the range of z=n/m that
satisfies equations (10), (24), and (27). Cooperative action between Villages 1 and 2 makes
sense only in this area. Since z/(1+z)-e, ﬁ—]fz2 , and [l—x'}Q" ~Q" are an

increasing function of z, the above three equations are more likely to be satisfied for a lager

z.The value of ¥ is less than 0.1, suggesting that the resources required for maximizing net
rice production is less than 10 percent of the total amount of rice produced. A" computed

from equation (25) is equal to around 0.5-0.7. As is consistent with our argument in Section 3,
y, is always equal to unity when X, =X, suggesting that the players’ strategy does not

reach (), »,)=(1,1) in Game IIIL
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Table A-2. Calibration results

a=9, b=20 and e=0.7 =1 2 3 4 5 6 7
Equation (10) N N Y Y i Y Y
Equation (24) Y Y X Y Y Y Y
Equation (27) N N 8 Y Y Y Y
o /R 070 070 075 080 083 086 088
O./R 140 140 140 140 140 140 140
(1-x")g" /R 040 049 055 0359 062
(1-x")0r /R Lo AT T SR e
x 008 007 007 006 006
g 073 066 061 056 053
y; when X,=0Q (i=1,2) 089 082 076 072 0.9
v, when X, =X, 1.00 1.00 1.00 1.00 1.00
a=9, b=2.0 and =025 | z=1 2 3 4 5 [ 7
Equation (10} Y | Y Y Y Y Y
Equation (24) N Y Y Y Y Y Y
Equation (27) Y Y Y Y Y Y Y
O /R 050 067 075 080 083 036 088
o /R 069 069 069 069 069 069 069
(1-x"0" /R 022 <037 046 02 08T - 060
1-x)@"/R VR SE SET T MR {1 Y |
x 008 007 006 006 005 005
Iia 068 061 056 052 048 046
y; when X, =0 (i=1,2) 039 034 030 028 026 025
¥, when X,=X_, 100 100 100 100 100  L0OO

Motes: (1) Y: an equation is met; N: it is not met. (2) Cooperative action provoked by private motives will take
place in the shadowed areas. (3) This table uses the minimum penalty defined by equation (18) for computing
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[(Notes)

(1) But in fact, community-base management is promising in some circumstances, while it is problematic in others,
supgesting that rich mixture of private and public institutional arrangements is required for maintaining CPRs in
good conditions (Wade, 1988b; Ostrom, 1990; Grafion, 2000).

(2) Baland and Plattcau (1996 and 1999), and Jones (2004) provide us with a comprehensive literature review
regarding the relation between economic heterogeneity and cooperative efforts. Baland and Platteau (1999, p.
785) say that “increasing inequality, because it redistributes incentives in different dircctions, thus has ambiguous
effect on the ability of users to take steps toward conscrving their resources and even toward setting up the
required mechanisms™.

(3) The Chinese Government enacted this Program in 1998 in order to strike a balance between economic growth
and environmental protection. The right to protect and manage local forest is recently devolved to village
governments from the stale, province or county government in China, However, logging in collectively owned
forests is still subject to state quotas and control (Yeh, 2000, p. 269).

(4) High yielding varieties (HYVs) have already been introduced in this region. As is well known, yields of HYVs
are very sensitive to the water availability. Therefore, the productivity difference between rain-fed and irrigated
paddy is thought to be quite large.

(5) This kind of landholding arrangements is widely observed not enly inside villages of Yuanyang County but also
in rural communitics across the world. The land contract system in China is traced back to land use in the era of
the People's Commune System.

(6) There is another method other than income transfer that facilitates inter-village cooperation. Headenders are
more likely to agrec to the water claims of tailenders when tailenders contribute their labor to the maintenance of
local forest and/or the canal headwork in upstream villages (Lam, 1996).

(7) We don not need to think about revenues from timber-felling from fact (iv).

(8) According to Bardhan's study (2000, p. 854) that deals with irrigation systems in South India, the realization of
cooperation may be self-reinforcing or habit-forming in a village that has a long history of cooperation.

{9) An empirical study by White and Runge (1994) concludes that multiply imposed penalty systems and reciprocal
ethic that are a common foundation for rural societies provides a basis for participations in the collective action
for watershed management in Haiti. On the other hand, Tachibana et al. (2001) writes that an existence of social
exchange game has no significant influence on the preservation of local forest in Nepal.

(10) As of 2003, the reforested area of Yuanyang County under this Program amounts to 41,116 mu against the total

cultivaied arca of 298,101 mu in the beginning of the year.
{11) Although (S, C) is a stable equilibrium of the best response dynamics when C = EI'. it is not the ESS

{(Matsui, 1992).
(12} In order for the penalty system to be at work as a credible thereat, every S behavior has to be detected without
fail and such a behavior has to be punished without any exception. Wade (1988b) says that in the most Third

World countries the authority government is not vested with full formal power to penalize noncompliance.
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Baland and Platteau (1996, chapter 111) refer to various causes that provoke CPR management failure by
government as lack of information and enforcement abilities, corruption, and lack of genuine invelvement or
participation of user communities. Some of these problems can be solved in Game I11. Firstly, knowing the level
of penalty accurately is not necessary because any penalty that is equal to or greater than F, is effective.
Second, the legacy of socialist regime of China makes it possible for the provincial and county governments to
exert a strong enforcement power and absolute supremacy over the village committees. Third, the fact that there
is no landless class and labor migration is limited makes peer monitoring system much more operational as
compared to other developing countries.

(13) See Svendsen (1993) and Dayton-Johnson (2000) as to a theoretical consideration of the CPR cost-sharing
rule.

(14} Twice derivative of (1 - I}Q‘" with respectto x isequalto —2az(l + m}/{l + t:lch']1 .

(15) According to Baland and Platteau (1996, p. 282), despite some qualifications, there is wide consensus that
market penetration has a negative impact on the preservation of CPRs.

{16) This is because land productivity is lower in Village 1 than in Village 2 from assumption (a) under the
circumstance of @¢(W)=1 (i=1,2).

{17) The minimum penally that is derived from equation (18) is shown in Table A-2, FI =12 is larger than the
minimum value.

(18) Since P, =1.2 does not satisfy equation (18), it is increased to 2.2 that is larger than the minimum penalty in

Game 111

{19) As is intuitively understood from equations (19) and (20), an increase in F, would help to decrease T

Besides this, if leaders are able to persuade the half population of Village 2 to select C behavior from the
beginning, for instance, by which the convergence process starts from (y,, ¥,) = (0.99, 0.5), time required for
reaching the ESS will be certainly shortencd. These considerations tell us that there remains a great deal of room
for local governments or political elite to take the initiative in leading to successful results.

(20) A similar argument can be seen in Gaspart et al. (1998). In this relation, Baland and Platteau (1996, pp.
344-345) argue that “the privileged users can assume a leadership role and provide the authority structure
required for proper enforcement of regulatory rules™. On the other hand, they refer to the possibility that “the
clite hold a strategic position in the CPRs that enables them to dispense with a corporate organization and with
the labar contributions of the rest of the resource users.” Although opinions vary as to the role of group
heterogeneity in collective action, it sounds quite reasonable from the standpoint of faimess and sustainability of
institutional management to design the cost-sharing rule so that people beat the cost proportional to the benefits

they receive (Shukla et al,, 2002, p. 226).
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