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Abstract

Analysis of open-access common-property natural resource (NR) has occurred under “low”
congestion (LC) — where AC and MC increase with output Q — and has for the most part
ignored the more important congestion categories where AC (MC) is backward-bending
(negative) and welfare and NR losses are significantly greater. This paper identifies two
such categories, “high” (HC) and “super” (SC) congestion, and examines the impact of
open access on steady-state welfare, NR, employment, output and price in a general
equilibrium model. Main findings are: i) Welfare and NR costs (and optimal taxes) are a
multiple or orders of magnitude greater under HC and (especially) SC than under LC, with
trade further — and always — reducing an open-access exporter’s NR and welfare. These
results are robust to alternative parameter values and functional forms and greatly increase
the importance of regulation; ii) An optimal tax raises price and reduces output under
autarky in the case of LC and HC but reduces price and raises output under SC, with
significantly larger gains; iii) Studies conducted under LC show trade between open-access
developing country C1 and regulated but otherwise identical C2 reduces C1’s welfare and
both C1’s and global NR, and though the same holds under HC, the opposite holds under
SC; iv) Trade between two open-access countries — say, a developing and an emerging one
— with different externality (population) levels raises global output and welfare, improves
NR’s global efficiency, raises (does not affect) its level, and reduces international
inequality; and v) Emigration’s welfare gain is much larger under SC than under LC,
especially if migration results in LC after migration. Application to other issues and policy
implications are provided.
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1. Introduction

Many developing countries obtain a large share of their income from the exploitation of
open-access common-property renewable natural resources (NR), including fisheries,
forests, arable land, grazing grounds, and water resources. Imperfect or lack of property
rights for the NR results in the partial or non-internalization of negative externalities,! an
excessive use of labor and other variable inputs and NR degradation.

This problem has affected many developing countries and has led to the decline or
disappearance of communities due to rapid population growth, access to a wider market,
and more. For instance, Brander and Taylor (1998) argue that open access to a rich resource
base led to economic growth, population overshooting and the disappearance of Easter

Island’s forests, with a dramatic decline in population and well-being over time.

The classic case of NR depletion is that of fisheries, which has affected a large number of
countries over time. Early studies of NR depletion focused on this issue (e.g., Gordon 1954,
Scott 1955). This paper selects aquaculture, or fish farming, to illustrate the problem
examined as the sector’s output has grown extremely rapidly in recent years — from about
a third in 2005 to over 50 percent of global fish output in 2015 (FAO 2016) — and so have
the associated negative externalities. The analysis is directly applicable to a number of
other NR and non-NR cases (see Section 5).

Given farm fishing’s recent growth, it is no surprise that most analyses to date have focused
on wild fishing. Models designed to explain the evolution of the stock of wild fish (and
other renewable NRs) have typically included equations for the stock’s natural and actual

growth, i.e., natural growth minus harvest.

Farmed fish requires a different model as the fish fry is produced in hatcheries and nurseries
and its supply is essentially independent of fishing intensity, as is the size of the production
area and water volume or NR quantity. On the other hand, NR quality declines with fishing

intensity or density of variable inputs (e.g., pens, labor). Excessive farm fishing intensity

For instance, Lopez (1997, 1998) finds that the share of the negative NR externalities — from the use of
village-level common-property lands in Ghana and Céte d’Ivoire — that is internalized is around 30 percent
and declines with village size.



generates two types of problems, namely low quality and hence low productivity of the NR,
and greater volatility due to the rapid spread of a negative shock to one unit (e.g., a disease)
to the rest of the industry. Such problems are common in many farm fishing countries.
Examples provided here draw on the industry’s experience in Chile and the Philippines.

Open access and a lack of regulations has led to an excessively high density of pens in the
case of Chilean salmon. This resulted in a parasite and disease outbreak in 2008. The
parasite spread rapidly across the industry and destroyed two thirds of the output through
2009 and 2010. The episode led to a number of regulatory changes, though the sector has
continued to be plagued by frequent problems (Anderson 2012). The excessive pen density

has also led to high pollution levels and lower productivity in the industry. 2

A similar problem has been found in various parts of the Philippines. For instance, Yambot
(2000) examined tilapia farms in Lake Taal and found high congestion of fish cages, as
well as high stocking density and feeding rates. These resulted in extremely high levels of
ammonia and nitrogen and very low levels of dissolved oxygen, with high pollution levels
and widespread waste materials, and floating dead fish abounding due to mass mortality,
all of which have led to chronic disease of the surviving fish. Similar problems occurred in
the coastal waters of the islands of Luzon and Mindanao. Among the most dramatic events
were a series of mass mortalities of milkfish in Bolinao, Pangasinan in 2002, with water
quality and habitat degraded to a degree that severely diminished the likelihood of cultured
fish survival and growth (Talaue-McManus 2006; San Diego-McGlone et al. 2008).

Another problem is toxic algae bloom. The large amounts of nutrients in the case of high
pen and stock density result in exponential algae growth, followed by an exhaustion of
nutrients and a mass of decaying algae. The latter depletes the water’s oxygen by blocking
the sun, which suffocates the fish, and its toxicity pollutes the water and poisons them. This

has had a negative impact on farm fishing productivity in both Chile and the Philippines.

2 Lack of effective vaccine against the SRS bacteria in coastal waters affecting salmon has led Chile to use
more antibiotics than Norway, Scotland and British Columbia combined, as well as a use of pesticides that
is a high multiple of that of British Columbia (Bridsen 2014).



An algae bloom in Chile led to a 16 percent decline in the 2015 salmon output (Bajak 2016)
and in a 20 percent downward revision of the 2016 salmon and trout production forecasts
(Guardian, March 6, 2016; Financial Times, May 5, 2016), and the problem was still
affecting the industry in 2018 (www.undercurrentnews.com, Feb. 7, 2018). Algae bloom
has also affected fisheries in Laguna de Bay, the Philippines’ largest lake. An Asian
Development Bank (ADB 1989) report examined the situation in Laguna de Bay in order
to assess the impact of its support of the development of milkfish pens and tilapia cages
and found that tilapia and milkfish output had been badly affected by it.3

1.1. Congestion
This study is, to my knowledge, the first one to introduce a taxonomy consisting of three

economically-relevant congestion categories, namely low (LC), high (HC) and super (SC)
congestion. The study contributes to the literature by providing, under these three
congestion categories and for both autarky and trade, a general-equilibrium analysis of the
steady-state levels of NR, welfare, fishing intensity (or employment) and output in the case
of open access to a NR relative to an optimally regulated one, and examining how results
are affected by changes in the value of parameters of the preference and production
functions and in their functional form. The analysis conducted here is directly applicable

to other common-property resource cases (see Section 5).

The three congestion categories are defined here and are explained in more detail in Section
2. First, LC (HC and SC) prevails on the upward-sloping (backward-bending) segment of
the average cost or AC curve, and equivalently, on the positive (negative) segment of the
marginal cost or MC curve. Second, HC (SC) prevails on the lower (upper) part of the
backward-bending segment of the AC curve, with the two separated by the AC curve’s
inflection point, which — as shown in Figure 1 — is also where the (backward-bending part

of the) AC curve and the (positive part of the) MC curve intersect.

The distinction between HC and SC is important as open-access output Q is greater
(smaller) than optimal output Q* — i.e.,, Q > (<) Q" — under HC (SC). The distinction

between SC and HC is also important because of the opposite implications regarding the

3 A similar problem could also occur in the case of farm/land fish ponds (e.g., see Stephens 1998).



impact of trade policy. Moreover, SC holds over a significantly larger range of output and

variable input (or employment) values than HC (see Section 2).

As the welfare cost of open access to a NR is greater under HC than LC and is most severe
under SC, one would have expected great interest in the HC and SC cases. Nevertheless,
an exhaustive online search suggests the issue has not played an important role in the
aquaculture literature where production studies have tended to focus on technical efficiency
(e.g., Dey et al. 2000; Iliyasu et al. 2016). The backward-bending supply curve for wild
fishing has been examined in a few partial-equilibrium studies, though some confusion

persists regarding the analysis.*

An issue that has become of increasing concern in recent years and is also examined here
is the impact of trade on the environment. A common argument is that international trade
has led to an increase in environmental degradation in countries with imperfect property
rights.®> Studies dealing with this issue in the case of trade in NR-based products — e.g.,
Chichilnisky (1994) and Copeland and Taylor (1994) — have typically examined it under
LC conditions. In this paper, | show that, while this result holds not only under LC but also

under HC, the opposite holds under SC.

The remainder of the paper is organized as follows. Section 2 sets forth a two-sector general
equilibrium model and preference function, and solves the model under unregulated (open-
access) and regulated NR. Section 3 considers the autarky case and examines the
implications of open access for steady-state welfare, NR, variable inputs and output, solves
for the optimal tax, and examines the robustness of the results. Free trade is examined in

Section 4. Sections 3 and 4 provide both a graphical and algebraic analysis, as well as a set

4 Copes’ (1970) seminal article provides a graphical analysis of the issue for a closed economy in a partial -
equilibrium setting. Clark (1990) refers to a discounted supply curve that might be backward bending in the
case of an optimally managed fishery (see also Thuy and Flaaten (2013) who refer to these results). This is
not possible as variable inputs’ marginal product at the optimum must be positive, i.e., the optimum must be
on the upward-sloping segment of the AC curve. Gautam et al. (1996) find a backward-bending supply curve
in wild fishing caused by a labor-leisure tradeoff rather than negative externalities.

® Based on their empirical analysis of sulfur dioxide concentrations from cities across the globe, Copeland
and Taylor (2006) find that trade is good for the environment in the average country. An early survey of the
literature is Dean (1992).



of simulations. Section 5 examines applications of the analysis to other phenomena.

Section 6 draws policy implications and Section 7 concludes.

2. Model

Section 2.1 presents the general equilibrium model’s supply side, including the production
and cost functions, while Section 2.2 provides its demand side. The open-access and

optimal solutions are presented in Section 2.3.

2.1. Supply
Assume an economy whose private sector produces two goods under perfect competition,

a manufacturing good M and a commodity Q. The economy’s endowment of labor is
denoted by L, and the amount employed in sector Q (M) is denoted by L(1), with L + 1 =
LL. Following Brander and Taylor (1998), | assume the manufacturing good M is produced
with [ under a constant-returns-to-scale technology. Thus, the marginal product in M, MP;,
is constant. Units are chosen such that MP, = 1,i.e., M = [ = L. — L. Good M is chosen as
the numéraire, with its price normalized to one. Thus, the price of the variable factor is
w=VMP, = 1.

In the case of wild fishing, the natural resource (NR) or fish stock declines with fishing
intensity, i.e., with the amount of variable inputs used. In the case of farm fishing (whether
in coastal waters, lakes, rivers or pools), NR quantity — i.e., the area and amount of water
available — is given, though its quality and productive impact is not.

Assume for simplicity that operating a fish pen requires a fixed amount of labor, which is
set equal to one. Fish farms may operate a single or multiple fish pens and NR quality
declines with the number of pens or amount of labor, L, per unit of area, or with their
density. The production function is Q = LN(L),N’ < 0,N" < 0, where N is NR quality
(as well as Q/L, i.e., labor’s average product, AP;). Marginal product MP, = N + LN' 2
0.Sincew =1, AC = 1/AP, and MC = 1/MP,. An open-access equilibrium where MC >
(<) 0 is located on the upward-sloping (backward-bending) part of the AC curve where

low (high or super) congestion —i.e., LC (HC or SC) — prevails (see Figure 1).



It is surprising that the backward-bending segment of the supply (AC) curve has not been
a central part of analyses of open access to common-property resources. Given that it is the
locus of the largest negative externalities and the greatest welfare cost, one would have
expected it to be of major interest to policy analysts and policymakers. Writing about the
backward-bending supply in the case of road travel, Thomps (1998) states: ... [it] is

usually referred to ... as “unstable” and ignored as irrelevant ...”

Assume N = a — L (a, B > 0), where « is the NR endowment or NR quality in the

absence of farm fishing. Then, production functions for Q and M are given by:
Q=ILN=La—BL,M=1=L-L; a,,8>O,Le(0,%) (1)

where p reflects the negative externality,and L < a/f & N = a — L > 0.

Thus, labor’s average product AP, = % =N=a—pL>0. Withw =1, average cost

AC = ﬁ = a;ﬁl,'s Labor’s marginal product MP, = a — 2L, and marginal cost MC =
T -

L = _1_ Denote maximum output — or NR’s “carrying capacity’ — by Q (Quax in
MP;  a-2PBL

~ 2 ~
Figure 1), with 0 = <, produced with L = < where MP, = 0. Also, MP, and MC = —
4B 2p MPy,

=0 for LS, withLl_imZ MC (Ll+imz MC) = oo (—0). In other words, and as shown in

Figure 1, MC jumps from oo to —oo as L crosses L from L < L to L > L and MP, changes

from infinitesimally positive to zero to infinitesimally negative.

Output Q is quadratic in L, i.e., it has two solutions, L, and L,, with Q = L;N; = L,N,.

The solution is L, = %— LyorL; +L, = % 7 with two possible outcomes: i) L, = L, =

& Labor is not the only costly input. Other ones are pens, fish fry and feed. One can reasonably assume that
these are directly related to the amount of labor used, i.e., the per-unit cost would be 1 + y, where y is the
cost of pens and fish fry relative to the unitary wage rate, an element that can easily be incorporated in the
analysis. For simplicity, and following Brander and Taylor (1998), | abstract from non-labor costs.

"With Q = L;N; = L,N,, or Q = Ly(a — BL;) = Ly(a — BL,), we have L2 — aL; + L,(a — fL;) = 0,

2_ — — 2 —
with L, = iY@ —tFla(@-fly) _ aty(@-2Ply)” _ @@ 26L2) \ng have two solutions, one for L, # L, and

28 28 28
a+(a-2BLy) _a a=(a=2BLy) _

£ L, orL, +L,=2;andii) L, =
. R 28 B 2 1 2 aﬁ ) 1 28 .
Ly=5;=1L, with i) Ny = @ = BLy = BLy, Ny = BLy, Ny + Ny = @, Ny <5 < Np; and i) Ny = N, = -,
i.e., the NR level is equal to half the initial endowment, a.

oneforL, = L,,namely:i) L, # L,: L, =



L= % N=N=a-BL= % Q =0, orii) 0 < @, with output produced either with a

low L, < L and high N, > % (in LC’s case) or with a high L; > L and low N; < % (HC or
SC case), with the former (latter two) located on the upward-sloping (backward-bending)
segment of the AC curve. This is depicted by points A (LC) and A" (SC) in Figure 1.

The distinction between the HC and SC categories is important because of their
implications for the welfare cost of open access. SC (HC) is defined as the segment of the
backward-bending AC curve where optimal output, Q*, is greater (smaller) than open-
access output, Q. The fact that Q < Q* under SC, i.e., that open-access output is smaller
than optimal output, is one of the reasons why the welfare cost of open access is so high
under SC, the other reason being the higher cost. And as we shall see, a number of opposite

results obtain under the HC and SC congestion categories.

| derive now the critical level of L, L;, that separates the HC and SC categories. Denote
variables under open access (optimal regulation) by subscript 1 (2). The point that separates
SC from HC is where optimal output is equal to open-access output, i.e., where the AC

curve intersects the (positive segment of the) MC curve. Thus, L; is the level of L where

. . 1 1 .
Q, = Q,, which occurs where AC; = MC,, i.e., where ey Ty TR or L, = 2L,. Since

L, = %— L, (see footnote 8), we have L, = ;—Z and L, = %. As L; separates HC and SC,

it is located on the backward-bending segment of the AC curve, i.e.,L; =L; = z—;. Output

Q; can be produced with L; = 2a/38 (and N; = a — fL1 = a/3) orwith L, = % = a/3f
(and N, = 2a/3), i.e., it can be produced at the optimum at half the cost prevailing under

open access, in terms of both variable inputs L and natural resource N.

Based on the solution for L = L and L = L;, the three congestion categories’ definition is:

a 0

: 2% andSC: L, < L < <.
2B

Definition1. LC:0<L <L = =,
—_— 3B B

HC: L<L<L;=

The definition of these categories in terms of output Q = L(a — BL) is:

Definition2. LC:0<Q <Q = HC:Q,=29%2<Q<Q; and SC: 0 < Q < 0Q,.

a?,
45, —



Thus, the range of variable input values, L, is % under HC, % under SC and % under LC.

2 2 2
The range of output values, Q, is 3%3 under HC, 29% under SC and Z—ﬁ under LC. Thus, in

terms of L (Q), the range of values under SC is twice (eight times) that under HC.2 And the

range of values of L(Q) under LC is three (nine) times that under HC.

Note that L;, which separates HC from SC, is also the inflection point on the backward-

bending segment of the AC curve. As L increases and Q declines, AC increases at an

d%2AC

increasing (decreasing) rate under SC (HC), wit can also be

2AC
=00
Finally, MC; < 0 is the mirror image of MC, > 0.2° This is depicted in Figure 1.

2.2. Demand

Individual preferences are represented by a Cobb-Douglas utility function:
U = m/2q1/2, )

where m = M /L and g = Q/L.

8 In term of L, the range of values under HC is § - % = & while the range of values under SC is E - ;—Z =

5, or twice the range under HC. In terms of Q, § = E and Q, = E = ;Q. Thus, the range of values under
HCisQ —Q, = g@. Under SC, the range of values is between Q; = g@ and zero (for L = %) or g(). Thus,
the range of output values under SC is 8 times the range of values under HC.

9 924C , aAc " ,_aAC 9L _ 9AC ,0Q _ B S _ S
Denotmg by AC c" AC or 90~ o oL = apnraapn 2 0eoa-2L20s

LsL= E. As shown in Flgure 1, the slope of the AC curve is positive (negative) in its LC (HC and SC)

d4c’ 99 _ 2B*(2a-3BL) "o_ _ 7 _2¢a
o ! 3L = ey azp Thus, AC" =0atL =L; = 5 Also,
as Q increases: i) AC" > 0 under LC (L < L), ii) AC"” < 0 under HC (L < L < L;) and iii) AC"" > 0 under

SC (L, < L < a/B).

segment. The change in the slope is AC"" =

10 MC under optimal regulation is MC, = >0, L, < L. Thus, —MC, = < 0. MC under open

a—zﬁ ﬁLz

access is MC; = <0, L; > L. At the same output, L, = E_ L, (see fn. no. 8). Thus, 28L, —a =

2/3L1
2B (%— Ll) —a=a—2BL,, e, MC; = —MC,. In other words, MC, is the mirror image of MC,.



3. Autarky

Section 3.1 presents a graphical analysis, Section 3.2 provides the solution to the model,
and Section 3.3 presents various simulations. Welfare in Section 3.1 is aggregate welfare
W = LU, while welfare in Sections 3.2 and 3.3 is the representative individual’s utility U,

a distinction that matters when examining the impact of changes in L.

3.1. Graphical analysis

Assume first that a country’s demand for Q is represented by line D in Figure 1. Open-
access equilibrium is at point A — which is located in the LC segment of the AC curve —
and output is Q,. The optimum is at point E where output is Q. The welfare cost under

open access is AW, = W/ — W, = AEB.

Assume now a country whose demand is represented by line D" because, say, of a larger
population (or greater preference for Q). Open-access equilibrium is at point A" where AC
and D’ intersect and which is located in the SC segment of the AC curve. For simplicity,
assume D' is such that output is also Q, at A’. The optimum is at E’ where D' and MC

intersect. 11

There are three ways to obtain the welfare cost, AWs., of open access in this case:

1. The difference in the cost of producing Q, under demand D and D’ is P;A’AP, =
(Distance AA")* Q,, while the increase in output from Q, to Q; generates the gain A'E’B.

Hence, the welfare cost of open access is AWy, = P,A’AP, + A'E'B.

2. Note that there is no producer surplus under open access as p = AC. Hence, welfare
is equal to the consumer surplus, i.e., the area between the demand curve and the price line.
At A, the consumer surplus is the area below the demand curve and above the P;A’ line.
At E', AC is given by point I’, so that welfare is the area between the demand curve and
the horizontal line at the I’ level (or the line P/ I’, with point P/ on the y-axis not shown).
Thus, the welfare cost is equal to the area between the lines P,A’, P/I' (the horizontal line
through point I') and the demand curve, i.e., AWs. = PLA'E'I'P].

11 The HC segment is the area between AC’s turning point where Q = Qy4x (0r Q in Section 2.1) and the
point where MC and AC intersect.

10



Figure 1: Autarky under Low and High Congestion
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3. Consumption is Q, rather than Q; > Q,, with a loss equal to A'Q,Q{E’. Second, the
decrease in output from Q; to Q, implies a higher production cost. The cost increase has
three components: i) the cost of the increase in output from Q7 to Qu4x, Which is equal to
the area below the MC curve, i.e., E'Q1Qu4x; ii) the cost of the decrease in output from
Qumax t0 Q1 on the backward-bending part of the AC curve, equal to KQ1Quax(-0); and
iii) the cost of the decrease in output from Q; to Q,, i.e., the area B'Q,Q;K. Thus, the

welfare cost, AW, of open access in this case is AWs. = A'B'KE' + E'oo(—o0)K .2

The reasons for the difference between welfare cost under HC, AWpy, and under SC, AW,
are: optimal output is larger (smaller) than open-access output for SC (HC) — with a welfare

gain A'B’KE’ under SC *® — and the decline in cost is greater under SC.

The analysis suggests that AWy and especially AW is significantly larger than AW, .
The difference between them is dampened when it comes to the representative individual’s
utility U = W /L rather than to aggregate welfare W if demand D’ is larger than D due to
a larger population L and not a difference in taste. Nevertheless, the utility cost under HC

and SC is either a multiple or a greater order of magnitude than under LC (see Section 3.3).

As p = AC under open access, the producer surplus is nil and the NR value is zero.
However, though its private value is nil, the NR’s social value is positive as it generates a

consumer surplus under a positive output that is partly consumed domestically.

3.1.1. Migration
Assume a developed country allows a given number of individuals to immigrate. This

results in a decrease in demand, from D’ to D; in Figure 1, and raises welfare, with the

12 Given that the negative segment of the MC curve is the mirror image of its positive segment, the welfare
cost is also AWs. = A'B'KE" + 2 * E'Q{ Quax°-

13 Assume HC prevails, with the demand curve — denoted by D, (not shown in Figure 1) — intersecting the
backward-bending segment of the AC curve at an output Q, (not shown), with Q; < Q, < Qpax, Where Q; =
2a
5,
Figure 1, optimal output, Q;, the output where D, and MC intersect, is smaller than Q;. Thus, Q; < Q; < Q,,
and p; > p; > p,. Thus, contrary to SC, HC’s optimal output (price) is smaller (higher) than open-access
output.

2
L;(a — BL;) corresponds to the output where AC and MC intersect (L; = Q, = 29%). As is clear from

12



increase largest if SC prevails initially and LC prevails after migration, in which case

welfare rises from the area above P,d’ and below D, to the area P,d’a’P;.

3.2. Solution
This section provides the solution to the model for both an unregulated (open-access) and

an optimally regulated NR.

3.2.1. Open Access
Utility maximization implies that the commodity’s relative price, p, equals the ratio of

i ilities i _ Vg _m_M_ 1L - q— i
marginal utilities, i.e., p = a0 LapD where AP, =a—BL>00r L < 5
Under open access, p = AC = ——. Thus, ——— = —— or L = =. Consequently, the

P P = T a-BL ' La-BL)  a-BL T2 g Y
condition L < % is equivalentto I. < %“ The solution is:
L=tm=tm=10=L(a-E) _1(a_ﬂ)uzl(a_ﬂ)”z 3)

T2 T2 T e T 2 ) 473 2 ) 2 2 :
3.2.2. Optimum

. . M L—-L 1
Under optimal regulation, p = MC, or Q= LD = a 2L

equation, namely 3B8L? — 2(a + BL)L + al. = 0. The solution is:

which is a quadratic

+ -1 — [q2 272 — * [ 14
L —3E(a+,8]L Ja?+ 2Lz —afl),M* =L-L, (4)
with the representative individual’s output ¢* = L*(a¢ — fL*)/L and m* =1 — L*/L.

Note that equations (3) and (4) imply L* < L. %16

1 The sign in front of the square root is negative as /a2 + 212 — afL = /(e — fL)2 + afL > a — fL,
i.e., a positive sign implies L* > 2a/38, which cannot be as L* must be located in the LC segment of the AC
curve where MP, > 0,i.e., L* <L = a/2B.

15 Assume the opposite, ie., L= % <L = ﬁ[a + BL — \Ja? + p2L2 — afL], or % <a+pL-—

Ja? + B2 —apL, ie., Ja? + p2LZ —afL < a —% = AP,. With AP, >0, we have a? + B2L% —

272 272
afl < a? + ﬁT[L — aflL, or B%1.2 < ﬁT[L, which is false. Thus, L* < L.

 From (1), (2), and (4), U° = = [apL(a + p1) - 22 + PL%) + 2(a? + 717 - a,B]L)3/2]1/2.
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3.3. Simulation

Define Vx = (x —x*)/x*, x = U, N, Q, L. This section examines the relationship between
Vx and parameter I, for given values of NR endowment, a, and externality parameter, 3.
Robustness of the results is examined in Section 3.4 by using i) different values for the

production and utility function parameters, and ii) different functional forms.

The ‘base case’ values for « and 8 are « = 10 and § = 1 (other cases are examined in
Section 3.4). Table 1 shows results for individual LL-values and Table 2 does the same for

central values of I in each of the three congestion categories.

A. Results for individual L values

i) Welfare
Table 1 shows VU; = —.033 (for L = 1), VU, = —.707, VUy = —6,07, VU,; = —13.5,
VU,c = —33.3, and VU4 = —64.3 percent, with LC (HC) (SC) for the first three (fourth)
(last two) L values. Thus, VU, = 1983VU,, 91VU, and 10.6VU, (LC cases) and VU;q =

4.8VU,; (the HC case). Thus, the welfare cost of open access for I. = 19 is from one to

three degrees of magnitude greater than under LC and is a multiple of that under HC.

- For . = 16 (which is below L’s central value of 16.67 under SC), VU, = 1028VU,,
47.12VU, and 5.62VU,, and 2.47VU,;. Thus, VU, is between three degrees of magnitude

greater and a multiple of welfare costs under LC and is a multiple of VU;; under HC.

- For L. = 11 (which is below L’s central value of 11.67 under HC), VU,; = 148VU,,
19.1VU, and 2.28VU,. In other words, VU, is between two degrees of magnitude greater

and a multiple of welfare costs under LC.

ii) Natural Resource
- For L. = 19 (an SC case), VN4 is —91 percent or 827VN;, 31.4VN,, and 3.7VN, for the
LC cases, and 2.93VN,, for the HC case. For I. = 16 (an SC case), VN, = —67 percent
or 608VN;, 23.1VN, and 2.68VN, for the LC cases, and 2.16VN;, for the HC case.

- Thus, VN;4 and VN, are both between two orders of magnitude greater and a multiple
of VN under LC and a multiple of VN under HC.

- The same result obtains for HC relative to LC, with VN;; = —31 percent or 282VNj,,
10.7VN, and 1.35VN,.
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Table 1. Autarky: Open Access vs. Optimum

Open Access (x) Optimum (x*) Difference Vx = == (96)
L N Q@ u L N Q@ U

=

VL VN VQ VU
1 S0 95 475 1541 49 951 463 1542 2.7 -11 106 -033
4 20 80 160 1414 18 82 145 1424 15 -29 103 -707
9 45 55 248 1173 32 6.8 216 1248 43 -25 146 -6.07
11 55 45 248 1061 35 65 228 1226 58 -31 90 -135
16 80 20 160 .7071 40 6.0 240 1.061 100 -67 -33 -33.3
19 95 50 475 3536 42 58 244 991 127 -91 -81 -64.3

iii) Employment
VL9 = 127 percent, or 47VL,, 8.5VL, and 3.0VL, (LC cases), and 2.2 VL,; (HC case).

- Thus, for the SC case, the excess employment (variable input use) is between one order
of magnitude larger and a multiple of that under LC, and a multiple of that under HC.

Iv) Output
VQ < (>) 0 under LC and HC (SC), i.e., optimal output is smaller (larger) for LC and HC

(SC) than open-access output. As a small tax, z, raises cost and reduces L, the output effect
dQ /0t < (>)0 under LC (HC and SC), i.e., VQ and dQ/dt have opposite signs for HC.

Table 2. Open Access vs. Optimum under Autarky: Central L. Values 2

Open Access Optimum Difference (%) Ratio
L (x) (x") 7 = 2 (V/ V)
N u N* U VN WU VN/VN,. VU/VU,.
LC: 50 75 1369 79 1.387 49 -1.29 1 1
HC:11.67 42 1.021 6.4 1.169 -35  -12.7 7.1 9.8
SC:16.67 1.7 .6455 59 1.046 -72  -38.3 14.7 29.7

a: Results are for the central values of IL in each one of the three congestion categories.

B. Results for central L values

Table 2 presents the welfare and NR results associated with the central value of LL in each
the three congestion categories, namely . = 5.0 (11.67) (16.67) for LC (HC) (SC).
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The welfare cost VU, = —38.3 percent, or 29.7VU, . and 3.0VUy, and VU = 9.8VU,.
The NR cost VNg. = —72 percent, or 14.7VN, and 2.1VNy., and VNy = 7.1VN,.

Thus, even though analyses have focused on the low-congestion (LC) category, Table 2
shows that the central result for open access’ welfare impact under SC (HC) is of a greater
order of magnitude (a multiple) of that under LC, with a welfare cost of about 30 (10) times
that of the latter. Moreover, the NR impact under SC (HC) is also of a greater order of
magnitude (a multiple) of that under LC, with a NR loss of about 15 (7) times that under
LC. These results suggest that studies have for the most part focused on the least important

congestion category.

3.3.1. Production tax

Appendix 1 provides the optimal tax solution and a table (Table 1A) with optimal tax rates.
Denote the tax rate by t, withp = (1 + t)p,, where p, is the producer price. The optimal
tax rate, t¥, as a function of L, is provided for two sets of parameter values, namely « (f)
= 10 (1) and a (#) = 10 (2). In the case of « = 10and g = 1, =" is (in percent) 255 for
L =19, 200 for L = 16, 85.4 for L. =9, 27.2 for L = 4, and 5.4 for L = 1. Thus, the
optimal tax rate under SC, i.e., for L. = 19 (16)(9) is 47.2 (37.0) (15.8) times that for L. =
1 and is 15.8 times the L. = 1 rate in the case of . = 9 under HC.

The optimal tax increases with the externality parameter, §, and decreases with the
endowment parameter, a. For instance, the level of t* for § = 2 is double to triple the
corresponding level for § = 1. In the case of @ = 10, t* = 621 for . = 19 (2.4 times the
B = 1rate), 504 for I. = 16 (2.5 times the § = 1 rate), 236 for . = 9 (2.8 timesthe g = 1
rate), and 11.7 for . = 1 (2.2 times the § = 1 rate).

The increase in the optimal tax rate as L increases helps dampen the increased pressure on
the NR. This can be seen from Table 1 where the decline in NR and welfare as L increases

from 1 to 19 under the optimal tax is half that under open access.

Under SC, atax T < t* results in an equilibrium at points like points A, or A, in Figure 1.
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3.4. Robustness
This section examines the robustness of the relationship between congestion levels and Vx
by using a) different values for the utility and production function parameters, and b)

different functional forms. Solutions and results are provided in Appendix 2.

3.4.1. Alternative parameter values

The values of VU and VN do not depend on the value of the individual production function
parameters a and £ but rather depend on the value of their ratio, a/f. In other words,
results for (a, B) also hold for (Aa, A8), A > 0.7 The analysis so far assumed a/f = 10.
The values of a/f used here are: i) 2, ii) 6, iii) 20, and iv) 100. Results for case i) ( ii) )
are shown in Panel A (B) of Table 2A, Appendix 2.

Recall that output Q > 0 requires that AP, = a — fL/2 > 0or L < 2a/p.

i)a/B =2
For I. = 3 (under SC), VU5 (VN3) = —27 (—59) percent or 17VU; (12VN;,).

i)a/B=6
For I. = 11 (under SC), VU, (VN;,) = —55 (—86) percent, or 162VU, (210VN;,) and
107VU, (45VN,) for LC cases, and 8.3VU, (3.4VN,) under HC.

i) /B = 20
VU9 (VN,9) = —7.056 (—22.3) percent, or 552VU, (679VN;) and 21.0VU, (24.8VN,).

iv) a/B8 =100
VU 9 (VN;9) = —.137 (—.544) percent, or 427VU,; (431VN,) and 16.2VU, (16.5VN,).

As for preferences, a general form of the utility function in equation (2) is:

U=q'm7, ye(0,1). (5)

7 As L = %[a + L — Ja® + B2L% — afL] =§[%+ L— \/(%)2 + 12 - (%) I[,j, it is clear that L* only

depends on the ratio a/f8 (and L). Hence, the same holds for M* = L — L* and m* = M*/L, while Q; =
L*(Ada — ABL") = AL*(a — BL*) = AQ* and q; = Aq*. Thus, U; = A°U*. And as L = LL/2 is independent
of @ and B, so is M and m, while Q; = AQ and U, = 2°U. Thus, VU, = (U, — U;)/U; = VU. The same
holds for VN as Ny = AN* and N; = AN, so that VN; = VN.
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Equation (2) assumed y = .5. As the share of farmed fish in an individual’s budget is likely
to be significantly below . 5, ratios VU,4/VU, and VN;4/VN; are examined for y = .1 and
y =.2. Fory =.1, we have VU,4/VU; = 183 and VN,4/VN; = 204. And for y = .2, we
have VU,4/VU; = 60.1 and VN,4/VN; = 105.

Thus, the findings that the welfare cost under HC and SC is a multiple or of a greater order
of magnitude than under LC also holds for alternative values of the parameters of the

production and utility functions.

3.4.2. Alternative functional forms

Two alternative utility functions and two alternative production functions are examined

below. The solutions and simulation results are provided in Appendix 3.

A. Utility functions

I. The first (constant-relative-risk-aversion) utility function is U(x) = J;Tu u*1

Assuming separability and u = 1/2, we have:
ml/2 q1/2

U(m,q) =U(@m)+U(q) =%+ 7

(6)

The solution is derived from a quadratic equation for (open-access) L and from a cubic
equation for (optimal) L*. Simulation results for g = 1 are presented in Table A2 in

Appendix 3 and are discussed below.

In Panel A, @« =6, LC prevails for L <6. In percent, VU,(VN;) = —.19 (—.93),
VU3 (VN3) = —3.4 (=14.9) or 18VU; (16.1VN;), VUs (VN5) = —9.0 (—36.4) or
47.3VU, (38.2VN,). Thus, VU and VL at middle and higher congestion levels within the
LC category are an order of magnitude greater than at lower ones. SC prevails for 8 < I <
12. For L=10, we have, in percent, VU,,(VN;,) =—-21.5(-717) =
113VU,(77.2VN;). Comparing IL’s central values for SC and LC, we have VU,4(VN;,) =
20.6VU; (14.6VN5). Similar results obtain for & = 4 (as shown in panel B).

Thus, as with the original utility function in (2), the welfare and NR losses under SC are a

multiple of those under LC or are of a greater order of magnitude.
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I1. The second utility function is:
_ m? q’ _ M Q
U=(m-"5)+(a-%)m=1.0=1 ()

The solution is derived from a cubic equation for both L and L*. Solution and simulation
results are in Appendix 3. For ¢ = 2 and f =1, VU; (VN;) = —.375 (—2.90) percent,
VUs (VNs) = —=7.77(—=77.5) percent or 20.7VU; (26.7VN;), and VU;, (VNyp) =
—12.1 (—81) percent or 32.1VU, (28VNj,).

As with the original utility function in (2) and the one in (6), the welfare losses under SC

are a multiple of the losses under LC or are of a greater order of magnitude.

B. Production functions

I. The first production function is:
Q = Lla —B(logL)], L > 1. (8)
. 1 L\1%/2 . .
Under open access, L = IL/2, with U = 5 [a -p (logz)] . The optimal value of L is

« _ L[y _ B ]
L= 2[1 2a—,/3(1+2logL*)]'

As L = % > 1, we have L > 2. And AP, = a — B(logL) > 0 implies L < e*/F. Assume

a=10and B =2.Then, L <e®=14850rL < 297. Thus, 2 < L < 297.

For L =3, U = 1.5488, U* = 1.5510, and VU; = —.08 percent. For I. = 296, VU,q¢ =
—93.3 percent. Thus, in percent and absolute value, .08 < |VU| < 93.3, with a maximum

The welfare cost for the central value of IL under LC, HC and SC is (in percent) VU, =
_430, VUHC = _1772, and VUSC == _4'780, |e, VUSC = 111VULC and VUHC =
4.1VU, . Thus, the welfare cost for I.’s central value under SC (HC) is of a greater order

of magnitude (a multiple) of that under LC.

18 As there is no closed solution for L* [L* is a function of log(L")], the solution was obtained by ‘guessing’

a value of L™ (denoted by x), using the related log(L*) value in L* = ] and checking if

[1 - 2a— ﬁ(1+210gL )
the solution for L* (denoted by y) was consistent with the initial guess, i.e., whether y = x. If not, the next
value of L* used was between x and y, repeating the exercise until y and x converged.
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Il. Substituting production function Q; = AL(a¢ — BL) = 1Q,A >0 for Q has no
impact on L, L*, m, m* or Vx (x = L,Q, N, U), i.e., Vx(Aa, AB8) = Vx(a, £), *° and hence
is excluded in what follows. In fact, replacing the production function Q with a
monotonically increasing function of Q has no impact on any of the Vx solutions under

autarky, though the same need not hold in the case of international trade.

In conclusion, the results obtained in Section 3.3 that the welfare cost of open access under
HC and especially under SC are a multiple or of a greater order of magnitude than those

under LC are supported by the results obtained in this section.

4. Trade

This section looks at three scenarios. In order to isolate the issue of externalities associated
with different property rights regimes, the first scenario (in Section 4.1) follows
Chichilnisky (1994) by assuming a world with two countries, C1 and C2, that are identical
except for their property rights (or regulatory regimes, with an open-access common-
property regime in C1 and a private property (or regulated) regime in C2. Next, Open
access prevails in both C1 and C2 in the second scenario (Section 4.2), with C2’s
population larger than C1’s (L, > IL;). In the third scenario in , C2 does not produce the

commodity in the third scenario (Section 4.3).

4.1. Different property rights reqgime

Chichilnisky (1994) states (p. 855) that “With common property regimes, more is supplied
at any given price than is supplied with private property regimes.” This is shown in Figure
1 of that paper (p. 857) which depicts the standard low-congestion (LC) case. Similarly,
Proposition 1 (p. 857) states: “The common-property supply curve for the resource lies
below the private-property supply curve, so that under common-property regimes, more is

supplied at a given price. 2° Both supply curves are increasing functions of resource prices.”

L-L 1
AL(a—BL) ~ A(a—BL)’
and A also cancels out, i.e., it has no impact on L* (see 4). Thus, A has

i.e., A cancels out. Thus, asin (3), L = %.

¥ With U = m'/2qY/2, p = ll]]—q =AC,orZ =

L-L " 1 1
AL(a—pBL) = A(a—2BL)
no impact on m or m* either, while q and g* are multiplied by A, and U and U* are multiplied by v/ 1. Hence,
Vx = (x — x™)/x" is unaffected by changes in A.

At the optimum,

20 The common (private) property supply curve is referred to here as the AC (MC) curve.
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The paper’s new result relates to the impact of trade, where the author states (p. 852) that
“... for the country with poorly defined property rights, trade with a country with well-
defined property rights increases the overuse of resources and makes the misallocation
worse ...” As the author shows, trade reduces welfare for the exporting country and

worsens its environment as well as the global one.

Similarly, Brander and Taylor (1997) examine a small open economy’s trade under LC and
open access to a NR. They state that trade reduces steady-state utility for a diversified

resource exporter and terms-of-trade improvements may be welfare reducing.?*

| obtain the same results as Chichilnisky (1994) and Brander and Taylor (1997) under both
LC and HC. However, the opposite holds under SC, in which case trade generates a welfare
gain for both countries and an improvement in the international allocation of environmental

resources.

Section 4.1.1 provides a graphical analysis, Section 4.1.2 solves the model, Section 4.1.3

presents the simulations.

4.1.1. Graphical analysis

Under LC, the demand curve is D and equilibrium under autarky is at point A for C1 and
at point E for C2 in Figure 2. With trade, the price is Py, with GF = HG, i.e., C1’s exports
equal C2’s imports. C2 obtains a welfare gain AW, = EHG. Since price equals average
cost under open access, the producer surplus is always equal to zero and welfare is equal
to the consumer surplus. Under autarky, price is P, and welfare is ZAP,. Under trade, price
is Py and welfare is ZGP;. Thus, the impact of trade on welfare is AW, = —PrGAP,.
Employment, L, is higher (and thus NR is lower) under trade (point F) than under autarky
(point A) in C1. The opposite holds for C2 where trade reduces output. Despite the fact that

2L The model provided here differs from Brander and Taylor’s (1997) in three important ways. First, |
examine steady-state solutions while they also examine transition paths and the discounted sum of
instantaneous utility (or ‘welfare’). Second, they assume a small open economy facing exogenously given
terms of trade, while these are determined endogenously in this paper. Third, | also examine the results under
HC and SC. An interesting analysis of North-South trade’s impact on the environment (pollution) — rather
than on NR — where environmental protection depends on income is Copeland and Taylor (1994).
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MC; > MC, (and NR; < NR;), output increases in C1 and declines in C2, thereby

exacerbating the global distortion in the allocation of NR.

The finding that trade leads to a commodity exporter’s welfare loss and worsens the
distortion in the global NR allocation confirms Chichilnisky’s (1994) and Brander and
Taylor’s (1997) findings. The same result holds in the HC case as C2’s (optimal) price is
also higher than C1’s (open-access) price under autarky. However, in contrast to the LC
situation, C1’s output declines as employment rises in this case, further raising C1’s

welfare cost and the international misallocation of NR (as output falls in both countries).

In the SC case, with demand given by D', equilibrium is at A’ for C1 and at E’ for C2. The
autarkic price is higher in open-access C1 than in regulated C2. Hence, C2 exports the
commodity to C1, i.e., the direction of trade is reversed, which raises C1’s NR. Output
expands (contracts) in the country with lower (higher) MC (since MC < 0 in C1) and lower
(higher) AC — represented by point I’ (A") — and whose NR quality is higher (lower). This

improves both the open-access country’s and the global NR quality or global environment.

Consumption is at point S where the (horizontal) distance between S and the MC curve is
equal to the distance between the AC curve and S. The new equilibrium price corresponding
to point S is Ps (not shown). Denoting the intersection of the horizontal line from S to the
MC curve by X, the welfare gain from trade for C2 is AW, = SXE' > 0 and the welfare
gain for C1 is AW, = P,A'SPs > 0. Thus, trade improves the global environment and
raises global welfare (AW = AW; + AW, > 0) in this case.

4.1.2. Solution

Under trade, price equals average cost in C1 and marginal cost in C2, i.e., pr = - ;L =
—pLir

—, implying that L, = 2L5;. The solution for L, and L% is:
a=2BL5r

Figure 2. Trade under Low and High Congestion
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Lip = %(1.50( +BL - \2.25a% + B?LZ — 2aPL), ? Ly ==L, %

Export of Q from C1is Q;x =.375BL17(L; — Li7) 20 & Lip S L;,% where L, is the
point where AC intersects MC, i.e., the point that separates SC from HC (and where AC

exhibits an inflection point).

These results confirm the graphical analysis in the previous section that C1 exports Q under
both LC and HC (L, < L;) and imports M, and it imports Q under SC (L, > L;) and
exports M. In other words, the direction of trade between C1 and C2 is reversed as L7 =
L;. The reason is that the inefficiency associated with the negative congestion externality

is so large under SC that open-access production costs are larger in C1 than in C2.

4.1.3. Simulation
Table 3 shows the impact of opening up to trade on NR and welfare, where A'U(A'N)

represents the difference between the value of U (N) under trade and under autarky. Panel
A (B) shows results for ¢ = 10 (2) and g = 1. Under autarky, L; S L; = 2?“ S Q52

Q55 © p1 S p; (see Section 3). Thus, as long as L; < 2a/3, Q15 > Q55 and p; < pr <
p5. Once trade occurs, C1 raises its output and exports Q, with an increase in the open-
access distortion, and a decline in welfare (as terms-of-trade improvements reduce welfare

for an open-access exporting country) and in NR. In Panel A, trade reduces C1’s welfare if
Li<L;= 2?“ = 6.67 or . = 2L, < IL; = 13.33. It shows that A’U; (A'N;) ranges from

—1.47 (—1.68) to —8.39 (—9.6) percent between . = 1 and L. = 11.

22 From LZT = L%T, we have QS = le + QZS = LlT(a — ﬂLlT) + L%T(a - %) = LlT(15a’ —
1.25B8L,7). Also, M;p + prQip = M,p + prQ,p = L. Given the same relative price p; and preferences, we
have MlD = MZD and QlD = QZD' ThUS, QlD = % = (.750.’ - '625ﬁL1T)L1T' AISO, ? = Ing = pT or
1D 1D
L
Mip = prQip. AS Myp + prQip = L, we have prQip = Myp = > Thus, Qip = Ly7(.75a —.625FL;7) =

]%) =2(a — Blyr), i€, 1.258L3; — (1.5a + BL)Lyr + alL = 0, which implies (7).

23Exports of Q from country Cl is Qix = Qis — Q1p = Lyy(@¢ — BLyp) — (75 — .625BLi7) L1y =

25aLyy —.375BL%; =.3756Lyy (2—; - LlT) =.375BLyr(L, — Lyy), where L, = j—;
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The opposite occurs for . > IL; = 13.33 where Q5 < Q,5 and p, < pr < p; (compare
points E’, S and A" in Figure 2), with trade reducing Q’s relative price in C1. This leads C1
to reduce its output and to import @Q, resulting in an increase in its welfare. This is shown
in Panel A for L. = 16 (19), with welfare 20.5 (140) percent higher than under autarky.
The negative figures are relatively small because they occur at low L-values, i.e., under LC
where the distortion is small. The positive figures occur at high LL-values where distortions
are large under autarky, and C1’s trade-induced decrease in price reduces employment in

Q, raising output and consumption, both of which raise welfare.

Table 3. Trade vs. Autarky (A") for Open Access (C1) and at Optimum (C2)

Panel A:a =10, =1

Country C1 (Open Access) Country C2 (Optimum) Cil+C2
L Ny Uy AN, AU, N,y U,y A'NS AU Ny Uy A'N_AU
(in %) (in %) (in %)

1 934 152 -168 -147 967 154 165 .41 190 3.06 -01 -52
6 635 126 -93 -475 818 136 797 .74 145 262 42 -19
11 409 972 -91 -839 705 124 844 10 111 221 20 -31
16 268 .852 338 205 6.34 111 566 49 902 19 140 117
19 214 849 328 140 6.07 1.05 466 51 821 190 889 654

PanelB:a=2,=1

Country C1 (Open Access) Country C2 (Optimum) Cil+C2
L Ny U AN, AU, N,y U,y A'Ny A'U; Ny Ur A'N AU
(in %) (in %) (in %)

1 138 587 -8.01 -415 169 .627 562 106 3.07 1.21 -51 -1.46
3 580 .381 160 7.75 129 488 75 .615 187 .87 101 3.74

C2 always gains from trade, though the welfare gains are small relative to either the losses
or gains of C1, so that the impact on global welfare (a weighted average of the impacts in
C1 and C2) has the same sign as the impact on C1’s welfare (despite C2’s larger weight

since welfare is larger at the optimum than under open access).
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Panel B shows that trade reduces (raises) C1’s welfare for I. = 1 (I. = 3) where LC (SC)
prevailsasL =1 <L =2 (L= 3> L; = 2.67). Thus, the result is the same as in Panel
A, i.e., trade’s welfare impact for C1 is negative under LC and positive under SC. Also,
whether positive or negative, the impact on C1 is greater than that on C2, so that the sign

of the impact on global welfare is the same as that on C1’s welfare in this case as well.

Lack of effective vaccine against the SRS bacteria in Chile’s coastal waters has led Chile
to use antibiotics and pesticides at levels that are multiples of those used by Norway,
Scotland and British Columbia (Bridsen 2014). Its NR endowment quality — i.e., parameter
a’s level — is thus lower that in these countries. Thus, other things equal, open access’
negative impact due to excessive use of variable inputs and loss of output, NR and welfare,
would be expected to be worse in Chile than in these other countries, as would the impact
of trade, a presumption that is supported by the simulation results. For instance, Section
3.4.1 shows that the cost of open access under autarky is (in percent) VU;q (VN;g) =
—.137 (—.544) for « = 100 and —7.056 (—22.3) for @ = 20. Similarly, trade’s impact
on C1’s welfare cost of open access shown in Panels A and B of Table 3 (in percent) in the
case of L = 1is —1.47 for ¢ = 10 and —4.15 for a = 2.

Thus, other things equal, optimal regulation and management of the aquaculture industry
would be expected to provided larger gains in the case of Chile. In fact, a debate is ongoing
about this issue at this point, with meetings between the government and the private sector

4.2. Exporting under SC

The analysis shows that, under SC, an open-access country imports the commodity when
trading with a regulated but otherwise identical country. The SC case might thus appear to
have little relevance for commodity exporting countries. However, countries differ in a
number of ways, with C1 exporting Q to C2 under SC conditions. Assume open access
prevails in C1 and that SC prevails under autarky. Then, C1 exports commodity Q in the

cases presented below. These are:

i) C2 is more productive than C1 in the production of good M, with MP, = w, > w; =1,
thereby raising C2’s cost of producing Q (which is common for commodity exports from

open-access South to regulated North), with autarkic p, = MC, > p; = ACy;

26



ii) L, > IL;, with C2’s demand greater than C1’s and autarkic p, = MC, > p; = ACy;

iii) Open access prevails in both countries and C2’s demand is larger than C1’s (and
intersects the AC curve at a point above A’ in Figure 2), with p, = AC, > p; = ACy;

iv) C2’s endowment of the NR is nil (its waters are polluted or otherwise inadequate for
aquaculture, or it lacks the type of soil needed for a specific crop), with @, = 0;

v) C1is a small open economy and takes as given the world price, p*, which intersects the
AC curve above C1’s autarkic price (above P, in Figure 2), i.e., p* > p;; and

vi) Open access prevails in both countries and C2’s externality parameter $, > f8;, with

Q2r < Qyrandp, = AC, > p; = AC;

Four of the six cases above are examined below.

4.2.1. Open access in C1 and C2, with L, > L,

As depicted in Figure 2, demand is given by D in C1 and D’ in C2. Under autarky,
equilibrium is at point A in C1 and A" in C2. Under trade, price is Py, and C1’s excess
supply equals C2’s excess demand (LR = RT). C1’s welfare declines with trade, from
ZAP, to ZLP; or by P;LAP, (as does its NR), and C2’s welfare increases by P,A'TP;.2*
Thus, under open access, trade reduces (raises) a commodity exporter’s (importer’s)
welfare. Also, though N, < N; and U, < U; under autarky, both are equalized under trade
(Nyr = Nyp, Uyr = U;yp). Also, N; + N, = Ny + Nyp, 1., global NR is unchanged and
U,r = Uyr, With trade resulting in a larger global output (Q3 > Q%) and higher global
(population-weighted) welfare (U > U).? In the case where C1’s demand, D, intersects

the AC curve above point I/, with the solution in the SC segment of the AC curve.

24 Though Figure 2 shows aggregate welfare W, > W, our interest is in the representative individual’s
welfare, and with IL, > L, we have U, < U; and U, = U;r. This is shown in footnote 25.

e N\172 . .

2 Utility is U; = iNil/z = %(a - ﬁ%) under autarky (i = 1, 2), with N; > N, and U; > U, as L, > L.

1 1 . M2

wpin = aspny Ve Lar = Lar, and Q7 = Qir + Q2r = 2Lyr(a = Blyr), pr = o

i.e., prQh = M2, anolpTQi% + MB =1;. Thus, pr Q2 = M5 = L;/2. With Q2 = QP + Q% = @3, we have

Q . L L, _ — —

prQ7f = prQ7 = a_ﬁ_TLlT = 2Ly. Giventhat p;Q7 = pr(Qfr + Q2r) = 71 + 72 = IL, we have 2L, = L, or

T . L [ M2 L L _

Lip =7, 1e, Qi = ;(a - ﬁ;). As QF = p—TT = (@ = BLir), we have Q= ;(a - ﬁ;). Thus, Q% =
L L
2

Qir —Qh = (E_ —) (a - Bg). AsL, > L;,wehave L, <L < L, and Q% < 0 < Q%;, so C1(C2) exports

Under trade, pr =

D D 1 L 1 L 5
Q (M). Asm; :.SandqiT:E(a—ﬁ;),wehaveUlT:UZT:E(a—ﬁﬂ <Ujand Nyp = Ny = a —
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A necessary (sufficient) condition for a SC equilibrium under trade is that it prevails at
least in C2 (in both C1 and C2) under autarky. In the latter case, demand D in C1 intersects
the AC curve above point V. Trade raises global welfare, reduces (raises) NR in C1 (C2),

and improves NR’s international allocation.

4.2.2. C1lis open access and C2 is requlated, with L., > L,
1 1
a—BLir  a-2fLyr

Under trade, pr = , 1.e., Ly = 2L,r. The solution for L, is

Lir = 55 [3a + B(Ly + L) =902 + B2(Ly + Lo)? — 4aB(ly + L) (8)
a special case of which is equation (7).

Super congestion occurs for I, > 13.33. Then, A'U;+ = —22.0 percent for I, = 14 and
A'U;r = —11.6 percent for I; = 16. In both cases, AC; < MC, under autarky, so that C1

exports Q. C2 exports M and gains from trade.

4.2.3. C2 specializes in the production of M

In this case, C1 exports Q and imports M. Trade raises Q’s relative price — or C1’s terms
of trade, resulting in a reduction in its welfare and NR, and an increase in C2’s welfare.
Interestingly, the fact that C2 specializes in the production of M leads C1 to specialize in
the production of Q, with M5 = L and L, = L. %

ﬂ% < Nl' AISO, UZT > U2 and NZT > Nz, With NlT + NZT = N1 + N2 =2a _ﬂE: g|0ba| NR iS |dent|ca|
under autarky and trade. With s; = ﬁ,sl +s, =1, s, >s;, we have Nj; > s;N; + s,N,. Thus, Uy =
1 2
1 I\ L\1/2
51U1T+52U2T=E(a_35) >U=51U1+52U2=%N11/2+S7ZN21/2=S71(“_‘8?1) +5;2(a,_
1/2
ﬂ]Lz—z) , with the result due to concavity and to N;z > s;N; + s, N, [as N;y = (N; + N,)/2 while s; <'s,

and N, > N,, i.e., the larger (smaller) weight multiplies the smaller (larger) NR stock]. Thus, trade raises
global welfare and equalizes it internationally.

1 .
aPlir . a-2BLyy’ i.e., Lyr = 2Lyr. Thus, Q7 = Qir + Q3r = Lyp(a — BLyp) +

M (o - 5%) = Lyr(1.5a — 1.25fLyy). From footnote 25, we have prQf = 2. As prQ° = prQf, we

% Under trade, pr =

have =12 — LlT(I'Z“;L'ZS’;LlT), from which we obtain equation (8).
- 1T
s TOta| OUtpUt QST = le = LlT' As in fn. 22 and 25, ? = ? = DPr (l = 1, 2), MiD = pTQiDl MiD +
iD iD
L 1 L L 0
prQip = L, Mjp = prQip = 7 and myp = . Thus, Qip = oy S(@ = BLyir). Also Qip = Qzp = %, S0

Qip = L?T(a — BLi7), 1., Lip = L. Thus, C1 specializes in the production of Q, with Q5 = L(a — BL),
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4.2.4. Open access in C1 and C2, with greater negative externality in C2

In this case, $, > B4, with N; > N,, Q; > Q,, and U; > U, under autarky, and N, =
N,r, Q17 = Q,r and Uy = U, under trade, and global N > Ny, Q > Q, and U > Up. %
Thus, trade raises global NR, output and welfare, and equalizes them internationally, with
C1 (C2) exporting Q (M) to C2 (C1), with a decline (rise) in NR and welfare in C1 (C2),

and C1’s greatest NR and welfare loss occurring under SC.

5. Application to other issues

The model developed in this paper is relevant to other cases of congestion of natural
resources, man-made resources, or other. One case is urban road transport (e.g., Vickery
1969, Small and Verhoef 2007). As Wolshon and Pande (2016) state, there are three
fundamental variables in traffic engineering: the number of trips per unit of time or output,
Q; the number of cars per unit of distance or car density at a given moment in time, L; and
car speed, N(L), N’ < 0. The quality or productivity of the resource, i.e., the road, is the

speed individuals are able to travel on it.

q1s = a- PL, and q;p = %(a’ — BL). Thus, Uy = myp/?qp/? = 2(“ — BL)Y2. Under autarky, U, =
1/2

i(a - %) , i.e., C1’s welfare declines because NR falls from N, = a — % to Nyy = a — BL. And C2

gains from trade, with U, = 0 under autarky (as q,p = q,5 = 0) and U,y = %(a — BL)Y? under trade.

28 Assume B, = AB,, A > 1. With open access for C1 and C2, pp = ——— = ——ie., B L1p = BoLor
a—P1liTr  a=Palzr
= AB1Lyr. ThUS, Lyp = ALyp, and Q7 = Q57 + Q37 = Lyp(a — BiLar) + Lyr(a — BoLop) = (1 + 1)Q5r =
(1+ DLyr(@ = Polar). As in fn. 27, MB +prQfy = L, MG = prQh =3 and mfy =2, i = 1,2. Also,
. L
Q7 = Qfr + Q?T = 2Q%r = Q7. and 2p, QY = prQ7 = (1 + A)L,r. Since 2prQip = L, we have L,y = v
aﬂd LlT _ ThUS QT —_ ]L(a - BzLZT) and QlT - _(a ﬁZLZT) _(a - ﬁlLlT) Cl eXpOI’tS

. A
commodlty Q since Q. = Q3r — QP = (1+_/1 - E) (a — B1Li7) >0 as ) 2(1+ /1) > 0. Under

1/2 1/2 1/2
autarky, U; = é(a - %) >U, = %(a — MfﬂL) , With U;p = %(a — Aﬁllt) i Ny =a — %>

1_
2

2 1+ A
NlT_a—’ffi N2= Ny == N= NN, =20 - A+ D <N = Nyt
- _ ﬂ_i @-n? e T WUTRLY (VRN S0 N ) [ P
N,y = 2a T Y because T 200D > 0. Also, Q° = (a B 2)+ z(“ AB; 2) —Z[Za
L _oS=1pr2_ A pq2 ﬂ_i (-1)? . L
1+ DB 2]. Thus, Q;—Q 5 Bil® == B L" >0, as e 0. Finally, with U; =

%Nil/z and U = %NiTl/z, it follows that Uy = Uyp + Uyr > U = U, + U, because Ny > N and because of

the concavity of the utility function. Thus, trade under SC (as well as under LC and HC) raises global NR
and welfare, and equalizes NR and welfare across the two countries.
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Though Thomps (1998) states that «“... the backward-sloping part of the supply curve ... is
usually referred to in the literature as ‘unstable’ and ignored as irrelevant ...,” the fact is
that, as with aquaculture, car density may reach a point where a one percent increase in the
number of cars on the road at a moment in time, L, reduces speed by one percent, with
output unchanged and equal to its maximum level Q = Q, with L = L (see Section 2.1).
Then, a further increase in density — e.g., to the level at peak demand time — would reduce

output.

A fire in a closed environment is another case of negative congestion externality. As more
people try to escape from a fire, the time needed to do so increases and may reach a point
where the number of people who manage to escape per unit of time declines, especially if
panic erupts. No tax system exists that will ameliorate a problem that is (perceived to be)
one of life or death. On the other hand, optimal regulation, including regular fire drills
where people practice exiting a building in an orderly manner, is likely to be useful. This
is applicable to other emergency situations where congestion externalities are present (e.g.,

evacuating a sinking ship).

A similar situation relates to shopping in a limited space, say, a supermarket or department
store. An increase in the number of shoppers has two opposite effects on sales: it raises
total sales for a given level of sales per shopper, but the greater congestion reduces
shoppers’ purchases per unit of time. Thus, a congestion level exists — below the level
where nobody can move — in which total sales per unit of time fall as the number of

shoppers increases, with optimal intervention raising (reducing) output under SC (HC).

The analysis is also relevant for countries with monopoly power on the world commodity
market. The negative externality of open access consists of the negative impact of these
countries’ exports on the world price, their ‘natural resource’ consists of their international
monopoly power, with small-scale growers’ marginal revenue MR equal to price p and the
countries’ MR < p. The monopoly’s value is equal to the (present value of the) difference
between welfare under optimal intervention (e.g., an export tax) and in its absence. The
backward-bending segment of the exports’ foreign exchange revenue is reached at the point
where MR < 0. Absence of optimal intervention would drive the value of the country’s

monopoly resource to zero. This issue is also related to the literature on immiserizing
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growth (Bhagwati 1958, 1969) though the latter does not hinge on MR being necessarily

negative.

6. Policy Implications

Given the significantly greater welfare cost of open access under high congestion (HC) and
especially under super congestion (SC), it follows that in countries where HC or SC
prevails, regulating the use of the NR would generate gains that are massively larger than

found in standard analyses which have dealt with the low-congestion (LC) case.

Such a tax may be hard to levy because of administrative, logistical, enforcement and/or
other reasons, more so in developing countries, and especially in remote areas where it is
difficult to ascertain the importance of these externalities and/or collect the tax, particularly
in the case of small fish farms. Other regulations — as found in developed countries such as
Norway and Scotland — designed to minimize these externalities are also likely to be
needed, including those regarding the number of licenses allocated, their geographic
distribution, selection of qualified applications in accordance with prioritization criteria,
etc.?® Assuming most of the output is exported, it may be optimal to tax exports as the latter
is much easier to collect as export points (ports, roads, airports) are limited in number and

more easily accessible.

Producers are likely to favor a rise in the sector’s terms of trade and so are the authorities,
given the increase in employment — often in remote areas where alternatives are limited —
and in foreign exchange revenues. However, the country’s welfare will decline following
a terms of trade increase in the absence of regulation. Thus, an increase in demand raises
the importance of a sound, enforceable regulatory framework in order to ensure that the

country benefits from the higher prices.

29 Among other regulations, Norwegian authorities must provide a risk assessment of disease spread in an
aquaculture facility and the surrounding environment, including the distance to watercourses and other
aquaculture facilities; the type of species to be produced; the farming system and production volume, before
giving a license. Also, any license proposal must be made public by the local authorities in the municipality
where the farm is to be located and must be published in two local newspapers, allowing the local population
to react to the proposal. And an applicant must also obtain a waste discharge permit in order to obtain a
license and must provide monthly reports on various aspects of the farm’s operation and impact.
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7. Concluding Comments

This paper examined the potential impact on output, variable input use, natural resource

and welfare of an industry — such as aquaculture — that is based on the exploitation of a

natural or other resource where negative congestion externalities play a dominant role. The

analysis was conducted under both autarky and trade, and compared outcomes in the case

of a common-property resource whose access is open, with the case where it is optimally

regulated. This issue is of great importance in a number of developing countries,

particularly those characterized by high congestion due to low endowment, high demand
or both.

The paper showed that

The welfare cost of open access under high (HC) and especially under super
congestion (SC) is a multiple or orders of magnitude larger than under low
congestion (LC) — the case typically examined — and results in a massive waste of
resources;

An optimal tax raises price and reduces output under autarky in the case of LC and
HC but reduces price and raises output under SC,

A terms-of-trade improvement reduces welfare in an open-access exporting country
C1 and reduces its natural resource, NR;

Trade between open-access C1 and regulated but otherwise identical C2 reduces
welfare and NR in C1 under LC or HC and raises welfare and NR under SC;

Trade between open-access C1 and a non-producing C2 always reduces Cl1’s
welfare and NR;

A reduction in NR endowment reduces welfare and worsens trade’s impact for an
exporting country;

C1’s welfare falls with the variable input (labor) level,

Output and welfare rise with a production tax in an open-access country under SC,

and vice versa in the case of a production subsidy.

The possibility of being on the HC or SC segment of the supply curve raises the importance

of the optimal management of aquaculture or other industries that are based on the

exploitation of an open-access common-property renewable natural resource.
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Moreover, producers favor an increase in the price of their product and so does the
government, given the positive impact on employment and foreign exchange revenue.
However, the government should be aware that the need for a sound, enforceable regulatory
framework increases with price because an increase in price in the case of open access

results in a decline in welfare, particularly under SC.
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Appendix
I. Production tax

Denote the tax rate by 7, withp = (1 + 7)p,, where p, is the producer price. The solution
L

for L, is L, =5

<L-= %,30 i.e., the tax reduces L. This raises (reduces) output and
reduces (raises) price p under SC (LC). The tax raises AC. Under SC, it intersects demand
curve D" in Figure 1 at a point such as A, or A, i.e., at a higher output. The impact of T
under HC is more complicated. For instance, an infinitesimal increase in t raises output.

However, the opposite occurs under the optimal tax, as shown below.

The optimal production tax, t*, is t* = %. Thus:

v = [/(a=pL)? + afL — (a - pL)] =\/(1—@)2+% - (1-5)= an

a

The optimal tax t* raises average cost from AC = L_to AC, = H—;L Under SC, the tax

a—pBL a—

results in an AC curve (in Figure 1) that intersects the demand curve D' at point E’, i.e., it
raises output. The optimal tax, t* = E'I' /I' Q4, raises output from Q, to Q; (and a smaller
tax results in an equilibrium at points such as A, or A, in Figure 1). On the other hand, t*

reduces output under LC and HC. The optimum is characterized by MP, = a — 2BL" > 0,

orL < % = L, VL, i.e., the optimum is always in the LC segment of the AC curve. With

a=10and B =1,L" < % = 5,VL, which implies N* = « — BL* > 5.

Values of IL and corresponding values for 7 are presented in Table 1A. LC prevails for I
=1(4) (9), with t* = .054 (.272)(.854). HC prevails for . =11 (z* = 1.154) and SC for
L =16 (t* =2)and 19 (t* = 2.55). Thus, for L. = 19 (16), t* is 47.2 (37) times that for

. U, M L-L
30 The consumer price p = U—q = % =" L@ ;L 1
m T - T.

With a producer price p, and tax rate z, the consumer

. _ _ _ 1 _ 1+t L-Lg _ L
price p = (1 + t)p,. Under open access, p, = AC = T Thus, p = afL.  Lia—pLy) orL; = Py
31 H * E_ — “_BL* _ — BL* H L L * E]L

The optimal tax t* = o = w280 = a—2pr With L Tr . We have 7* = @ra 28U or

at”’ +2(a — BL)T* — BL = 0, whose solution is equation (1A).
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L =1, 9.4 (7.4) times that for . = 4, and 3 (2.3) times that for L. = 9. For L. = 11, t* is
21.4 times that for I. = 1 and 4.2 times that for I. = 4.

Table 1A. Optimal Tax Rate *(in %)

L A T(a=10,=1) o (L)/"(1)
B. (e =5p=1)=1t(a =10, =2)

A B. A. B.
1 5.40 11.7 1 1
4 27.2 717 5.0 6.1
9 85.4 236 15.8 20.2
11 1154 21.4
16 200 37.0
19 255 47.2

Under LC (SC), the central value of LL is 5 (16.667), and that of 7* = 36.6 (212) percent.

Thus, the average value of t* under SC is 5.8 times the value under LC.

As shown in equation (1A), T* can be written as a function of 5 /a. Hence, the optimal tax
fora = 5,8 = 1 is the same as for &« = 10, 8 = 2. Not surprisingly, as shown in column
B, 7* is larger under a smaller endowment or a greater externality, with T* between two

and three times the level in column A. Moreover, 7* rises more rapidly as IL increases.

Il. Robustness simulations

This section provides derivations, tables and detailed descriptions of the results provided
in Section 3.4 which examines the robustness of the results obtained in Section 3.3 by using
different values for the parameters of the production and utility functions, as well as

different functional forms for them.

1. Parameter values for ¢ and 8

The case of a =6, =1 is examined in Panel A (where L <12) and a =2, =
1 (where L < 4) in Panel B. In Panel A, the welfare (NR) loss VU;; (VN;;) for L = 11 is
equal to 55 (86) percent or 162 (210) times VU, (VN;) for L. =1, 107 (45) times
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VU, (VN,), 53 (18) times VU; (VN3), 8.3 (3.4) times VUg (VNg) and 2 (1.5) times
VU, (VNy).
Table 2A. Autarky: Open Access vs. Optimum

Ala=6p=1

Open Access Optimum Difference: X=* (in %)
L L N Q u LN U g gy v; VU
1 50 55 28 1173 49 55 26 1177 27 -41 25 -339
2 10 50 50 1118 90 51 46 1124 11 -19 87 -516
3 15 45 68 1061 13 47 60 1072 19 -49 133 -1.04
6 30 30 90 866 20 40 80 .928 50 -25 125 -6.65
9 45 15 68 612 24 36 86 839 91 -59 -214 -27.0

11 55 50 238 350 25 35 88 784 112 -86 -69 -54.9

Bia=2=1
Open Access Optimum Difference: X=X (in %)
Difference: —
L L N Q U L Nt QU

VL VN VQ VU
1 50 15 .75 6124 42 16 .67 6204 18 -49 13 -16
3 15 50 .75 353 .78 12 95 4845 91 59 21 -27

For the average value of VU by congestion category, we have VUg, (VUyc) =
—41 (=7.2), or 66.5 (11.7) times VU, = —.617.

Similarly, for the average NR, VNg. (VNy) = =71 (—28) or 29.6 (11.7)VN, = —2.4.

3. Alternative utility functions

The robustness of the results is examined here under two alternative utility functions.

A. The first utility function specified is (a constant-relative-risk-aversion utility function)

Ulx) = ’;1_: u # 1 (with U(x) = log(x) for u = 1). Assuming separability and p # 1,

m
1

U(m,q) =U(m) +U(q) =

1- 1-
"~ + 97" With u = 1/2, we have:
-4 1-p
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1/2 1/2
U="r+i- (2A)

1/2 1/2°

Maximizing utility implies that the ratio of marginal utilities equals the commodity’s

. o m\Y2 1/ L-L 1%/2
relative price, i.e., (;) = (5) = [L(a_BL)] = p. Under open access, p = AC =
1

vy The equation is rewritten as SL? — (1 + a + BL)L +al. = 0.%? The solution is:

-1 _ 2 _
L—zﬁ(l+a+ﬁ]L J(A + a+ L)% — 4afL). (3A)
At the optimum, p = [ L M2 _ MC = —— or2t _— a cubic equation
P P = L(a—BL) - T a—2B8L' " L(a-BL)  (a—2BL)?’ q
that is rewritten as:
46213 — f(1 + 4a + 4BL)L* + a(1 + a + 4BL)L — a’L = 0. (4A)

Simulation results for § = 1 are presented in Table 3A, with « = 6 in Panel A and a = 4

in Panel B.

InPanel A, « = 6. LC prevails for . = 1 and I. = 3. For I. = 1, the welfare impact of open

Np—Nj

*

access is VU, = ULZ:ULC = —.19 percent, and the NR impact is VN, =
LC

= —-.93.

For I = 3, the welfare impact of open access is VU;, = —3.4 = 18VU,, the NR impact
is VN, = —14.9 = 16.1VN,. The average for L =1 and L. = 3 is VU, = —1.8 and
VNLCZ == _79

HC prevails for . = 5. In percent, VU, = —9.0 = 47VU,. = 5VU,,, and VNy. =
—36.4 = 39VN, . =5VN,,.

SCprevailsfor. = 10 and . = 50. For . = 10, VU, = —21.5 = 113VU, = 12VU,,,
and VN, = —71.7 = 77VN,. = 9.1VN,,. For L = 50, VU, = —23.7 = 125VU, =
13.2VU,, and VNg, = —95.9 = 103VN, = 12.1VN,,.

L-L 11/2 1 L-L 1 L-L 1
— — N _

32
Thus, [L(zx—ﬁL) T a-BL  L(a-BL)  (a—pL)? L a—pBL

= pL* - (1+ a+ PL)L +al = 0.
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With . = 5 (10) (50), L is 71 percent above (twice) (2.1 times) the optimum, with an
impact on output of —5(—43)(—91) percent and an impact on NR of —51(—77)(—96)

percent, amounting to a massive waste of resources.

Table 3A. Autarky: Open Access vs. Optimum
Panel A:a=6,=1

OQen Access Optimum Difference: XX (in %)
- x*

VL VN VQ VU
1 84 52 43 50 79 52 41 501 61 -93 51 -19
3 24 36 86 43 18 42 75 445 33 -15 15 -34
5 36 24 86 37 21 39 83 41 71 -36 -51 -9.0
10 50 10 50 28 25 35 87 36 1038 -71 -43 -21

50 59 .13 .78 21 28 32 90 28 111 -96 -91 -24

PanelB:a =4, =1

Open Access Optimum Difference: *= (in %)
L L N @ U L* N Q@ U

VL VN VQ VU
1 76 32 25 41 68 33 23 41 13 -26 98 -46
3 20 20 40 35 13 27 35 37 5 -26 14 56
5 28 12 34 30 15 25 37 37 8 -51 -85 -12

10 35 53 18 25 17 23 39 31 109 -77 -53 -19

50 39 08 33 21 19 21 40 26 112 -9%6 -92 -20

In panel B, «a = 4and B = 1, with LC (HC) (SC) prevailing for . < 4 (4 < IL. < 5.33)
(L > 5.33). In percent, at L=1, VU, = —.46and VN, = —=2.6. At L =3, VU;, =
—5.6 =12.2VU; and VN;, = —26.2 = 19VN,.. At L =5 (HC), VUy. = —12.3 =
25.5VU; - and VNy = —50.9 = 19.6VN, .. At L = 10 (SC), VUs = —19.3 = 42VU,
and VNg. = 78.0 = 30VN, .. AtL = 50, VUs, = —20.2 = 44VU, . and VNg, = —96.8 =
37VN,.
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As with the original utility function in (2), the welfare losses under SC are a multiple of

those under LC or are of a greater order of magnitude.

B. A second utility function used here as a second check on the results is:

2 2

o= (=) 4 (g- ) m= -3 8

Utility maximization implies that p = g—q = 11_;51. With M=I1l=L—-L, m=1 —%,
_L 1 0o _L_ ., _
andl—m—L.Thus,p—L/L— — == (a — BL).

Open Access:

Competitive producers using an open-access NR as input select output where p = AC, i.e.,

p= ﬁ Thus, L — L(a¢ — BL) = aL a cubic equation in L, namely:

_BL’
B2L® — 2aBL* + (1 + a? + BL)L — al. = 0. (6A)
Optimum:
At the optimum, price p = MC, i.e., % —(a—BL) = a—;ﬁL' Thus, we have:
B3 —2L 124 (1+a? + 2BL)L - S = 0. (7A)

Under open access, for « = 2 and g = 1, we have L — 4L? + (5 + L)L — alL. = 0. For

2

L. = 1, an LC case, the solution is L, = .4563, N, = 1.544, m;, = .544,and m; — mTL =

2
.396. Also, g, = .704 and q;, — "Z—L = 456. Thus, U, = .8522.

For the optimum, we have L3 —3L%+ (5+ 2L)L—L =0, with Lj. =.410, N/ =

— x (qp)?* _ Congt ok x (mp)?
1590, qLC — 652, qLC - 5 — 4‘4‘0, MLC — mLC - 590, mLC - 5 — 4‘16 a.nd

Ufc = .8555 = Uy +.0033. Thus, the welfare impact of open access is VU, = ——Zgiz =

—.00375 or a loss of .375 percent. The impact on NR quality is VN, = —2.90 percent.

For L = 5,aSC case, L3 — 4L? + 10L — 10 = 0. Under open access, Lsc = 1.629, Ny =
371, QSC = 604’, qSC = 121, MSC = 3371, mSC = 674, and USC = 560 At the
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optimum, L3 — 312 + 15L — 5 = 0, L. = .356, Ng. = 1.644, Qi, = .585, Mj. = 4.644,
and Uge = .608 = Uge +.048, with VUs. = —7.77 percent, or 20.7VU;¢, and VNg, =
—77.5 percent, or 26.7VN, .. Thus, the welfare (NR) cost under I. = 5 is over 20 (26) times
that under L = 1.

For L = 10, also a SC case, Lg; = 1.8, Ng, = .2, Us, = .519, Lg, = .95, Ng, = 1.05,
Ug, =.590 and, in percent, VUs;, = —12.1 = 32.1VU,, and VNs-, = —81 = 28VN,.
Thus, the welfare (NR) cost under I. = 10 is 32 (28) times that under . = 1.

As with the original utility function in (2), the welfare losses under SC are a multiple of

the losses under LC or are of a greater order of magnitude.
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