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RESEARCH QUESTION

Do environmental markets improve on open access regimes for natural
resources?

• Comparing to the open access regime, does the water right market
generate net benefits?
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GROUNDWATER LEVEL

Figure: Depth to groundwater before and after adjudication.
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THEORY
SETUP

• N landowners, each has 1/N of the area of the aquifer
• Instantaneous profits: π(w, h).

• Assume π(w, h) is concave and singled peaked in w, increasing in h,
and πwh > 0.
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THEORY
OPEN ACCESS REGIME

A profit-maximizing landowners solves:

max
w

π(w, h)

• ∂π/∂w = 0 defines wa(h)
• Using Cramer’s rule, dwa/dh = − (πwh/πww) > 0, which means

pumping rates under open access increase with the height of the
water table.
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THEORY
OPEN ASSESS REGIME

All pumps have the same rate, water level change rate is then

ḣa(t) = R − Nwa(h(t))

The steady state is defined as h̄a such that ḣa = R − Nw̄a = 0, where
w̄a = wa

(
h̄a
)
= R/N.
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THEORY
LAND PRICE UNDER THE OPEN ACCESS REGIME

The full open access land price is given by

Va =

∫ ∞

0
π (wa(s), ha(s)) e−δsds,

where δ is the discount rate.
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THEORY
INCOMPLETE RIGHTS

Define α ∈ [0, 1] as the share of open access landowners.

The right holders solve:

max
w

π(w, h) subject to w ≤ we.
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THEORY
INCOMPLETE RIGHTS

The dynamics of the water table under imcomplete rights:

ḣma = αR + θ (hmr − hma)− αNwa (hma)

ḣmr = (1 − α)R + θ (hma − hmr)− (1 − α)Nwmr
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THEORY
STABILIZATION AND TRANSITION

Assume the target of property right is to stablize the aquifer within the
adjudication area at h̄mr = h0 by imposing the pumping limit wmr(t).

ḣmr = (1 − α)R + θ
(
hma(t)− h̄mr)− (1 − α)Nwmr(t) = 0

Although the water table is stabilized in the adjudication area, it
continues to be drawn down in the open access area. Consider ḣma at
t = 0 :

ḣma = αR + θ
(
h̄mr − hma)− αNwa (hma) = αR − αNwa (h0) ,
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THEORY
LAND VALUE AND WATER TRADING

Under incomplete property rights, the land price for a given owner in
the adjudication area is:

Vnr =

∫ ∞

0

[
π
(
wmr(s), h̄mr)− pw(s) (wmr(s)− we(s))

]
e−δsds

The land price for landowners in the open access area is:

Vma =

∫ ∞

0
π (wma(s), hma(s)) e−δsds
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THEORY
COMPARING ACROSS REGIMES

• Vmr − Va ⋛ 0 (treatment effect has ambiguous sign);

• Vmr − Vma ⋛ 0 (estimated effect has ambiguous sign);
•

(
Vmr

(
hb
)
− Va

)
−
(
Vmr

(
hb
)
− Vma

(
hb
))

≥ 0 (estimated effect at
the boundary is a lower bound for treatment effect at the
boundary);

• (Vmr − Va)−
(
Vmr

(
hb
)
− Va

)
≥ 0 (treatment effect at the

boundary is a lower bound for treatment effect in the interior);
and

• (d/dt)
(
Vmr

(
hb
)
− Vma

(
hb
))

⋛ 0 (the change over time in the
estimated effect at the boundary has ambiguous sign).
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EMPIRICAL STRATEGY

The RD estimator:

β̂RD = E
di↓0

[Vmr
i ]− E

di↑0
[Vma

i ]

= E
i:di=0

[Vmr
i − Vma

i ]︸ ︷︷ ︸
≧0
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Figure
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EMPIRICAL STRATEGY

The RD estimator serves as a weak lower bound for the treatment
effect at the boundary.

Average treatment effect:

β = E [Vmr
i − Va

i ]︸ ︷︷ ︸
≧0

,

And, from the theory,

βi:d1=0 − β̂RD = E
i:di=0

[(Vmr
i − Va

i )− (Vmr
i − Vma

i )]︸ ︷︷ ︸
≥0

,
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RESULTS
REGRESSION SPECIFICATION

lnVi = βRDRi + f (di) + θ′Xi + ϵi
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