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Abstract

Alternative income programs are a common strategy used to reduce resource
extraction and improve human welfare but it is unclear whether these programs are
successful because they are rarely implemented with evaluation in mind. Taking
advantage of a natural experiment in Kiribati, Central Pacific, we test the effect of an
agricultural subsidy on fishing, coral reef ecosystem services, and human welfare. We
present a standard economic model of household fishing and agricultural production
and consumption to demonstrate the logic behind these programs. Contrary to
predictions of this model and the program's aims, households actually increased
fishing and decreased agricultural labor. To explain these data, we develop an
alternative model in which households enjoy fishing; that is, fishing labor provides
direct benefits, in addition to providing fish to eat. This model predicts that fishing
will increase in response to the agricultural subsidy because increased incomes lead to
increased consumption of all goods and leisure, which includes fishing labor. Despite
short-run increases in incomes, we expect long-run declines in welfare because
increased fishing is linked to declines in coral reef ecosystem services. In order to
prevent alternative income programs from essentially subsidizing further resource

degradation, non-monetary benefits from traditional livelihoods must be considered.
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Overfishing has radically transformed marine ecosystems and threatens the
livelihoods of millions (1,2,3). Marine protected areas (MPAS) have been promoted as
a policy to achieve conservation and fisheries management goals, especially in multi-
species fisheries, such as coral reefs (4). However, only 9% of coral reef MPAs are
successful (e.g. in preventing poaching) (5). Improved implementation and evaluation
of incentive-based conservation strategies such as enforcement, conservation
payments, and alternative income programs are needed to reduce fishing. While there
has been relative success using only enforcement for protected areas generally (6),
pure enforcement schemes often provoke conflict, which may undermine conservation
efforts (7). Some MPAs and other fisheries management tools are designed to
compensate fishermen for their loss in fishing grounds or catch by improving their
total catch and profits in the long-run (8). However, short-run and even long-run
welfare losses often occur due to the environmental or market setting. For example,
MPAs may not improve catch if fish do not move outside the MPA (9) or catches may
improve, attracting outside labor, which reduces average benefits (10). Consequently,
some alternate form of compensation is needed for conservation strategies to be
successful (11, 12).

Integrated conservation-development programs (ICDP) have emerged in the
last three decades in response to this need (13). ICDPs attempt to create or enhance
alternative incomes as a way to reduce resource extraction and improve local welfare

(11, 14). Increasing agricultural productivity is expected to decrease reliance on



natural resources and is a typical strategy used in ICDPs (15-17). The majority of the
work on agricultural development and natural resources has been on terrestrial
environments, particularly tropical forests (18). There are few examples examining the
effect of alternative incomes on marine resources (19, e.g. 20-22).

Reviews of ICDPs have found few successes (11, 23-26). The major challenge
in understanding how and why ICDPs fail is that few ICDPs are designed with
evaluation in mind. Data is rarely collected before and after implementation, and,
more importantly, non-random implementation generates a strong selection bias.
Rather than randomly selecting treatment and control villages or households so that
one can estimate the effect of the treatment, controlling for other changes across time,
villages or households are often chosen for political or economic reasons or are self-
selected. In the case of self-selection, the treatment group is more likely to reduce
resource extraction because it will contain households that are most willing to give up
the extractive activity for alternative income. This makes the few reported successes
even more tenuous.

Here, we were able to take advantage of a natural experiment in the Republic
of Kiribati that had limited selection bias (Fig. 1). In 2003 and 2004, the government
of the Republic of Kiribati increased the subsidized buying price of copra, a coconut
product, as part of a social welfare program. Given that almost all households in
Kiribati engage in fishing and own some land with coconut trees, and that both fishing
and copra production do not require significant capital investments, virtually all

households were included in the treatment.



In this paper, we first discuss a simple model of the household that represents
the standard assumptions that motivate ICDPs. This model predicts that a copra price
subsidy should increase labor in copra, decrease labor in fishing, and improve overall
welfare. However, this model does not explain our observation of a significant number
of households increasing fishing labor and decreasing copra labor over the time
period covering the price subsidy increase. We thus develop an alternative model that
simply assumes fishermen may enjoy fishing. This model predicts that if fishing labor
has sufficiently large direct benefits (not just through consuming fish) households will
increase fishing labor in response to the price subsidy because of a standard income
effect. We tested the predictions of this model on data from an economic survey of
286 households conducted in 2007 that collected retrospective data covering the
period 2001 to 2006 for a total of 1716 observations (see Table S1, Dataset S1 in
Supporting Information). Our results are consistent with the hypothesis that enjoyment
of fishing caused the copra subsidy to have a perverse effect on fishing labor. We
estimate the effects of an increase in fishing labor on coral reef ecosystem services
using data from a detailed fishing survey of 145 households and ecological surveys of
37 reef sites across an extreme fishing gradient (Dataset S2). We show that the copra
subsidy had negative effects on the ecosystem and long-run welfare and make
recommendations to improve the design of ICDPs when occupations have significant

non-monetary benefits.

Uncertain Effects of Integrated Conservation-Development Programs



As of 2001, there were an estimated three hundred or more ICDPs worldwide,
supported by hundreds of millions of dollars from governments and international
donors (26). Marketing the idea and raising the funds for ICDPs has been far easier
than evaluating their success (24). There is little empirical evidence to determine
whether alternative income programs are successful, possibly because the programs
are assumed to be successful or the implementing agencies do not have the capacity
for evaluation, especially when it requires gathering data on both biological and
economic outcomes (23, 27, 28).

The effects of alternative income programs aimed at reducing fishing and
improving welfare remain mixed but indicate that factors other than the relative wage
between fishing and the alternative activity may be important. Alternative income
programs associated with MPAs have increased compliance with MPA regulations
(20, 22) and have been linked to other measures of MPA success, including coral
mortality, perceived resource change, infrastructure, and community empowerment
(20). Seaweed farming for export has been reported to increase fishermen's incomes.
However, since fishermen rarely gave up fishing entirely and sometimes even invested
extra income in new fishing gear (21), the effect on fishing is unclear. Alternative
incomes have also been associated with lower perceived quality of life and
involvement in conservation activities (22). However, these studies are limited by
selection bias and a lack of direct measurement of changes in fishing labor allocation,

fish stocks, or associated ecosystem services.



Anthropologists suggest that the enjoyment of fishing explains why fishermen
often choose fishing over other jobs with higher wages (29, 30). Attitudinal surveys of
fishermen in the Philippines report that fishermen will not give up fishing for other
occupations (although they would consider them for supplemental income) because
they enjoy the income and lifestyle associated with fishing (20, 31). This attitude is
not particular to developing countries. North American fishermen have high levels of
job satisfaction that are attributed to factors that represent “self-actualization,”
suggesting that fishing relates to individuals’ need to fulfill rather than merely sustain
themselves (32, 33, 29). These attitudes may be associated with other types of
traditional livelihoods and explain, in part, why development programs have limited

success in rural communities (34, 35).

Expected Outcomes of Alternative Income Programs

Alternative income programs are motivated by the expectation that, under
standard economic assumptions, increasing the wage in the alternative income activity
should reduce resource extraction and improve welfare. For example, in Kiribati,
households decide how to allocate their labor (L))" across copra production
(c=G(L°)) and fishing ( f = F(L")) based on the relative shadow wage, which is the

product of the output price and the marginal productivity of labor’. At the optimum,

the household allocates its labor so that the shadow wage in fishing and copra are

“ Capital is ignored because land, fishing gear, and credit markets are non-existent or incomplete.
" The shadow wage is based on production and the price of output, in contrast to a traditional wage that
is based on the market return to a unit of labor.



equal (p°dG/aL° = p’ 6F/aL"). If a subsidy increases the price of copra ( p°), the

marginal productivity of copra labor must decrease, implying that labor in copra (L°)
must increase. Since total labor (L) is the sum of labor in copra (L°), labor in fishing

(L"), and leisure (1) and leisure is a normal good (i.e. higher incomes result in
increased consumption), then labor in fishing must decrease®.

We find that observed household behavior in Kiribati is not consistent with the
predictions of this model. A simple comparison of household copra labor, other labor
(including fishing), and leisure before (2001) and after (2006) the copra subsidy shows
that the standard model only predicts 4.43% of households’ responses (Table S2).
However, almost half of households’ reported no change in labor, which may the
result of using recall data. More importantly, 35% of households increased other labor
and 29% of households decreased copra labor. These observations show that the

standard model is insufficient to describe the observed behavior.

Enjoyment of Fishing Explains Unexpected Outcome of Alternative Income
Program

A parsimonious mechanism by which labor in fishing might increase in
response to the copra price increase would be simply if people like to fish. Fishing
produces fish but also may provide direct benefits through the act of fishing. In an

alternative model that includes fishing as a consumption good, the household problem

* As in many developing country contexts, there are no labor markets or these markets are incomplete
so household production is almost totally dependent on household labor.



is to maximize utility from rice (r), fish (), leisure (1), and fishing labor (L")

subject to the household's income and labor endowment (L ).

(1) max _u(r, f,1,L")
r, 0,5l
(2) r+p'f=pGL)+p"'FLH+H(L)
(3) L=L"+L"+L°+I,L°>0,L" >0,L°>0,1>0,r>0,f >0

Total imputed household income is derived from the value of copra production

(p°G(L®)), fishing (p"F(L")), and other labor (H(L°)). In this model, all income is

spent on rice and fish and p' is the local price of fish. We normalize the price of rice

to one and focus on an interior solution where households consume some rice, fish,
and leisure and participate in copra, fishing, and other activities. Assuming all goods
are normal, under this model specification, an increase in the price of copra would
increase the consumption of all goods, including fishing labor. If both fishing labor
and leisure increase, the sum of copra labor and all other labor must decrease.

To test the predictions of our model, we used reduced form econometric
models of copra and fishing labor with island- and year-specific copra and fish prices
as predictor variables; household demographics, land, and rainfall as controls; and
household and island fixed effects. We then predicted changes in the coral reef
ecosystem using our estimate of the change in fishing labor due to the subsidy from
the econometric model and parameter estimates from ecological models. Ecological
models of the relationship between fishing and coral reef ecosystem components were

fit to data collected across an extreme fishing gradient in Kiritimati (Fig. 1). We
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estimated the effects of the copra subsidy on welfare by examining changes in self-

reported welfare.

Results
Labor Allocation

The elasticity of fishing labor supply with respect to copra price is 1.54
(p<0.001; Table 1), that is, for a 1% change in the copra price, fishing labor increases
by 1.54%. Therefore, we conclude that the 31% (weighted mean) increase in the copra
price led to a 47% increase in fishing labor. Copra price had no significant effect on
copra labor. These results are consistent with the predictions of the alternative model,
namely that fishing labor will increase and the sum of copra and other labor will
decrease in response to the copra subsidy. Fish price had no effect on fishing labor and

a significant positive effect on copra labor (B=1.68, p<0.05; Table 1).

Ecosystem Effects

We conclude that, by increasing fishing labor, the copra subsidy had negative
effects on the coral reef ecosystem, which has long-run consequences for welfare
because the coral reef provides important ecosystem services such as food and
protection from storms. A 47% increase in fishing labor could result in a 24% decrease
in total fish biomass (Fig. 2a) and an 8% decrease in herbivorous fish biomass (Fig.
2b). Fishing has indirect effects on reef-builders (coral and crustose coralline algae)

and fleshy algae because the consumption of fleshy algae by herbivores helps maintain
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the dominance of reef-builders since fleshy algae compete with reef-builders for
space. Increased fishing, therefore, could result in a 7% decrease in reef-builders (Fig.
2¢) and a 13% increase in fleshy algae (Fig. 2d). The estimate of losses in reef-
builders is conservative because reef-builders are slower to respond to changes than
fleshy algae. On historically over-fished reefs, such as in the Caribbean, sudden and
almost complete losses of reef-builders have been observed following disturbances,

such as hurricanes (36, 37).

Welfare Consequences

Short-term welfare necessarily improved with an increase in the copra price,
although the gain may be off-set by coral reef degradation in the long-run. When
asked whether welfare changed over the study period, 40% (95% CI: 33%, 57%) of
households reported that welfare improved, 48% (95% CI: 40%, 55%) said that
welfare did not change, and 12% (95% CI: 7%, 18%) said that welfare declined over
the period. Households that reported declines in welfare typically attributed the
decline to idiosyncratic events, such as deaths in the family, aging, and children
leaving home. Changes in copra or fishing labor had no significant effect on the
probability that a household reported welfare improvements (A copra labor: p=-0.05,
p=0.800; A fishing labor: f=-0.01, p=0.970; Table S3). Increased education, however,
increased the probability that households reported welfare improvements ($=0.19,

p=0.10; Table S3).
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Discussion

We have shown that under standard assumptions, increasing the price of copra
should decrease fishing and increase welfare. However, we observed significant
numbers of households actually increasing fishing and decreasing copra labor. To
explain these observations, we developed an alternative model in which households
also get utility from fishing labor, representing the importance of non-monetary
benefits associated with fishing that are often cited by anthropologists. This model
predicted that households would increase fishing labor, along with consumption of
fish, rice, and other leisure, in response to the copra subsidy. Our empirical estimation
supports these predictions and shows that on average households increased fishing.
We estimate that the 31% increase in the copra price from 2002 to 2006 resulted in a
47% increase in fishing labor. The increase in fishing labor was estimated to have
significant negative consequences for the fish stock and reef builders, which provide
important goods and services such as food or protection from storms and sea-level
rise. In sum, the subsidy not only failed to reduce fishing and protect ecosystem
services but actually exacerbated the problem. This suggests that even though the
subsidy had a positive effect on welfare, these improvements will not be maintained in
the long-run if the fishery and ecosystem decline.

Although there are other mechanisms that could explain an increase in fishing
in response to an increase in the copra price, we find little support for these
mechanisms and suggest that the role of non-monetary benefits of fishing is the most

parsimonious explanation. For instance, under the standard assumptions, an increase in
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copra price should lead to a decrease in fishing and an increase in consumption of all
goods, including fish. This suggests that perhaps general equilibrium effects could
lead to an increase in the price of fish, which could draw labor back into fishing.
However, this would require the price of fish to increase at a faster rate than the price
of copra, which we do not observe (Table S4). We instead see no effect of fish price
on fish labor, which seems plausible if fishing labor is responding to an increase in
income due to the copra subsidy and not to changes in the wage associated with
fishing. Alternatively, an increase in fishing labor in response to an increase in copra
price could be observed if rice and/or leisure are inferior goods. In this case, increases
in income due to an increase in the copra price would lead to higher consumption of
fish relative to rice and/or leisure. Given that rice is imported and fish is produced
locally, as well as the observation that eating rice is associated with wealth and status,
rice is clearly not an inferior good in Kiribati (38). We also believe that leisure is not
an inferior good because time spent with family or friends appears to be highly valued
(39). However, as we have already suggested, fishing itself has a leisure component.
Another possible explanation for the increase in fishing labor would be a declining
fish stock (i.e. declining marginal productivity of fishing labor) that would require
more fishing labor to maintain fish consumption levels. Although there is some
evidence that the fish stocks in Kiribati are declining, the rate of decline has evidently
been slower than the rate of increase in the copra price and is thus unlikely to explain
the large increase in fishing labor over a short time scale. Lastly, an increase in the

price of copra could increase incomes, enabling people to buy more fishing capital,
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increasing the marginal productivity of fishing, and drawing labor into fishing. We did
not, however, observe any significant changes in fishing capital due to the copra
subsidy (B=-0.37, p=0.373; Table S5). Though, we did find evidence of latent demand
for fishing capital. Of the 62 households that reported they wanted to improve their
income and gave specific examples of how, 38% (95% CI: 28%, 38%) indicated that
they wanted to invest in fishing capital; however, most noted that loans were
unavailable.

We observed an insignificant relationship between copra price and copra labor.
This is consistent with the prediction of the alternative model, namely that the sum of
copra and other labor must decrease. With an increase in the copra price, households
can earn the same amount of money from copra with less labor or they can even earn
more money with the same amount of labor. Rice is the primary good purchased with
cash in Kiribati and there is almost no culture of saving (or savings mechanisms).
Therefore, some households were evidently allocating just enough labor to copra to
purchase rice and may have re-allocated labor into fishing when the copra subsidy
allowed them to earn the same amount of cash income in less time; however, other
households may have continued to allocate the same amount of labor to copra to keep
up with the rising price of rice or to consume more rice overall. Increases in the price
of fish had positive effects on copra labor, which is consistent with the expectation
that households with more copra labor are net demanders of fish. When the price of
fish rises, these households must allocate more labor to copra in order to purchase fish.

Rainfall in the two previous years had no significant effect on copra labor, which
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further supports the prediction that households do not increase copra labor due to an
increase in the shadow wage of copra labor.

We do not have any reason to expect that changes, other than the copra price,
across time and islands explain the observed changes in fishing labor. Kiribati is a
small and homogeneous society that values equality, especially in national policies.
The magnitude of increase in copra price was greater in the Line Islands because the
government changed its policy to one of uniform prices across islands in 2003;
whereas, previously buying prices of copra were lower in the Line Island due to their
remoteness. Although population growth over the period from 2000 to 2005 was high
in Kiritimati, Line Islands (10% per year), relative to the national average (2% per
year), it was also high in N. Tarawa, Gilbert Islands (5% per year). Moreover, the
population density on Kiritimati remains lower than on all other islands (12
people/km?). In addition, we are unaware of any other government programs or
policies (e.g. infrastructure development or fishing gear subsidies/supplies) that could
explain the observed patterns in labor allocation (40-45). We did, however, include
island fixed effects to capture any unmeasured island level factors that may have
affected labor.

The limited selection bias, small number of goods, and incomplete labor and
resource markets made estimating the effect of the copra subsidy valid and tractable.
However, these attributes also limit the generality of the results. Perfect labor markets
may buffer responses to alternative income projects because new labor can come in

from outside. However, if there were well-functioning labor markets in Kiribati,
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households with lots of land might hire laborers, which would give land owners more
free time that they could possibly use to go fishing. Perfect credit markets may
strengthen the negative impact of the copra subsidy by enabling households to invest
in fishing gear. With improved credit markets, fishing effort could increase with
deleterious effects on the reefs. Lastly, there are a very limited number of goods to
purchase or leisure activities in Kiribati. If more options were available, people may
substitute other goods or activities for fishing labor as leisure, such as televisions and
other mass consumption goods, lessening the negative impact of the copra subsidy.

An additional limitation of the study is the use of recall data. Evaluating
alternative income programs is not only challenging because they often have major
issues of selection bias but because data is rarely collected over time. Moreover,
economic data and ecological data must be collected. Although the large percentage of
households reporting no changes in at least one type of labor in response to the copra
subsidy is inconsistent with our model, suggesting imperfections in the recall data,
evidence from island level copra production data suggests that the direction of the
changes reported is correct. Using government copra production data over the period
2001-2005 for the four islands surveyed in this study, we found that copra production
actually decreased with an increase in the copra price (f=-4.62; p=0.05, Table S6,
Dataset S3).

The results of this research suggest that investments in alternative income
programs may not always return the “double dividend” to conservation and economic

development as commonly thought. Non-monetary benefits associated with fishing or
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other livelihoods may play a significant role and small differences in wages between
alternative incomes and fishing may not be sufficient to draw labor out of fishing.
Households are likely to respond differently to these programs not only based on their
demographic attributes and capital endowments but based on preferences. Here, we
show how a preference for fishing actually causes an alternative income program to
have the perverse effect of increasing fishing. In cases where the non-monetary
benefits of traditional livelihoods are high, ICDPs need to provide alternative income
sources that are similar to the traditional livelihood but have low impact (e.g. catch-
and-release sport fishing), make available additional consumption goods, or develop

community work programs to produce public or common resource goods.

Methods
Household Data

To evaluate the effect of the copra price on fishing and welfare, we collected
retrospective data (2001-2006) from 286 households on four islands in May and June
2007. The survey instrument was developed with input from officers from the
Ministry of Finance and Ministry of Fisheries and pre-tested on 85 households on two
islands in December 2006. Households within islands were selected randomly with
sample sizes proportional to the island population. After obtaining oral consent,
surveys of heads of households were conducted by one of the authors (SMW) and a

trained field assistant with translation by local Fisheries Assistants. These research
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methods were approved by the University of California- San Diego Institutional

Review Board.

Ecological Data

We used one degree resolution daily rainfall estimates from the Global
Precipitation Climatology Project to control for natural changes in copra productivity
(46). Daily rainfall for the one degree cell associated with each island summed over
the two previous years was used in analyses because copra production lags droughts
by two years (47, 48).

We conducted ecological and fishing surveys in Kiritimati during July and
August 2007 at 37 reef sites and with 145 households, respectively, to estimate the
effect of changes in fishing labor on coral reef ecosystem services using a space for
time model that took advantage of the fact that the majority of people live in the
northern part of the island and reefs along the unpopulated coastline are virtually
unfished since few households own canoes or automobiles (49). We argue that the
location of fishing effort is determined exogenously because the government planned
the location of villages and people have limited mobility relative to the extent of the

reef, which permits the use or standard regression methods.

Statistical Analyses
To test the predictions of our economic model, we considered reduced form

models of copra and fishing labor:
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(4) In(L) =’ +a' In(pf) +a’ In(p )+ Z, + 1, +&,

(%) In(Ly) = A7+ A" In(py) + B2 In(p ) +Z, + 1, +&,
where island- and year-specific prices for copra, pf, and fish, p, adjusted for
inflation, predict labor allocation. Household demographics, land, and island-specific

rainfall D,, are represented in the constant terms, o= (a5 +a°D,) and
B = ( L+ ﬂeDit). The responses of copra labor to copra price and fish price are o

and o, respectively, while " and S* are the responses of fishing labor to copra
price and fish price, respectively'. Household fixed effects, Z,, and island fixed

effects, 1., are included to control for fixed unobservable heterogeneity across

t?

households and islands. Models were estimated using clustered standard errors, where

clusters were village-years!, and probability weighted w, =(N,/N)/(n,/n) data,
where N is the population across islands, N, is the population within island i, n is
the sample across islands, and n, is the sample within island i (50).

The relationship between fishing effort (standardized for gear type) and
ecological variables was estimated using ordinary least squares. The parameter
estimates from these models were then used to estimate the effect of the change in
fishing labor due to the copra subsidy, estimated from the econometric model, on the

ecosystem.

" Results are insensitive to controlling for fishing capital.
I Clustering by village-year allowed for a large number of clusters (greater than 50), which are required
for the use of statistical methods based on asymptotic theory (51).
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Changes in welfare were assessed by asking the discrete choice question
"Since 2001, has household welfare improved, remained the same, or declined?" The
proportion of households in each category and the 95% confidence intervals were
estimated, adjusting for clustering by village-years and weighting with sampling

weights described above.
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Figure Legends

Fig. 1. The Republic of Kiribati is comprised of three island chains, the Gilbert,
Phoenix, and Line Islands. Economic surveys of 286 households were conducted in all
villages (squares) on four islands (A. N. Tarawa, B. Abemama, C. Kuria, D.
Kiritimati). Detailed fishing surveys of an additional 145 households were conducted

in the four villages of Kiritimati. Ecological surveys were conducted at 37 sites on the
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fore reef along an extreme fishing gradient in Kiritimati. All islands are low lying

atolls primarily covered with coconut trees and surrounded by coral reefs.

Fig. 2. Estimates of the effect of fishing on ecological variables from ecological
surveys (n=37) and fishing surveys (n=145). An estimated 47% increase in fishing
labor due to the copra subsidy will result in a) a 24% decrease in total fish
(F135=26.21, p<0.0001, R?*=0.43), b) a 8% decrease in herbivores (F135=8.99, p<0.01,
R?=0.20), c) a 7% decrease in reef-builders (coral and crustose coralline algae)
(F135=12.15, p<0.05, R*=0.26), and d) a 13% increase in algae (F135=15.69, p<0.001,

R?=0.31).
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Table 1. Fixed effects (household, island) ordinary least squares estimate of labor (tp<0.10, * p <0.05, **
p<0.01, ***p<0.001).

Fishing Labor Copra Labor

Explanatory variable b Robust SE b Robust SE

Ln(Copra price) 1.54*** 0.34 0.68 0.60
Ln(Fish price) -0.46 0.63 1.68* 0.80
Land -0.04 0.03 -0.13 0.10
No. of household members 0.05t 0.03 -0.08* 0.04
No. of males aged 15-60 0.18f 0.10 -0.07 0.09
No. educated above primary -0.02 0.08 0.30f 0.17
Raing; + Raing., -0.00* 0.00 0.00 0.00
Constant -0.21 0.46 -2.57 0.60
N 1627 1682

Within R? 0.05 0.13




Table S1. Descriptive statistics

Variable [units] Mean S.D. N
Fishing Labor [persons*hrs/yr] 0.52 0.65 1655
Copra Labor [persons*hrs/yr] 0.60 1.16 1713
Other Labor [person*hrs] 0.19 0.55 1709
Copra Price [2001 AUD/kg] 0.51 0.07 1716
Fish Price [2001 AUD/kg] 0.73 0.13 1716
Household Land [acres] 5.93 12.41 1713
Fishing Capital [count] 0.48 0.85 1713
Household Members [count] 6.92 4.02 1713
Males aged 15-60 [count] 2.14 1.69 1712
Educated > primary [count] 2.14 1.69 1685
Rain (t;+ty) [mm/yr] 3148.25 1454.58 1716
Income Satisfaction [1=yes, 0=no] 0.76 0.43 276
Want Alternative Income [1=yes, 0=n0] 0.56 0.50 101
Welfare Improved  [1=yes, 0=no] 0.40 0.49 280

Note: hours of labor are normalized so that 40 hrs/wk for 50 weeks/yr=1.



Table S2. The percentage of households by changes in copra labor, other labor, and leisure
between 2001 and 2006.

Case Changes in Labor % Households
1 L°<0,L°<0,1 >0 19.19
2 L°<0,L°>0,1<0 3.69
3. L°<0,L°>0,1 >0 4.06
4 L*<0,L°>0,1=0 0

5. L°<0,L°=0,1>0 2.21
Subtotal 29.15
6. L°>0,L°<0,1>0 4.43
1. L°>0,L°>0,1<0 12.54
8. L°>0,L°<0,l <0 3.32
9. L°>0,L°<0,l =0 0

10. L°>0,L°=0,1<0 5.17
Subtotal 25.47
11. L°=0,L°>0,1<0 14.76
12. L°=0,L°<0,1>0 12.18
13. L°=0,L"=0,1=0 18.45
Subtotal 45.39

TOTAL 100.00




Table S3. Logit estimate of self-reported welfare improvement over the period 2001-2006.

Explanatory variable S Robust SE  z Sgnificance
A Copra labor -0.05 0.19 -0.25 0.800
A Fish labor -0.01 0.36 -0.04 0.970
A No. of household members 0.08 0.05 1.48 0.139
A No. of males aged 15-60 -0.26 0.17 -1.53 0.127
A No. educated above primary0.19 0.12 1.66 0.098
Constant -0.41 0.16 -2.62 0.009
N 263

Psuedo R? 0.01




Table S4. Percentage Change in Copra and Fish Prices

Year Gilbert Islands Line Islands
Copra Fish Copra Fish
2001 - - - -
2002 -5 -4 -5 -6
2003 9 <1 17 -1
2004 21 <1 21 -9
2005 O 5 0 4
2006 2 5 2 5




Table S5. Fixed effects (household, island) ordinary least squares estimate of In(fishing capital).

Explanatory variable S Robust SE t Sgnificance
Ln(Copra price) -0.37 0.41 -0.89 0.373
Ln(Fish price) -1.24 0.99 -1.26 0.210
No. of household members 0.06 0.03 2.14 0.033
No. of males aged 15-60 -0.05 0.09 -0.59 0.557
No. educated above primary 0.14 0.13 1.13 0.261
Constant -4.34 2.29 -1.90 0.059
N 1685

Within R? 0.01




Table S6. Fixed effects (island) ordinary least squares estimate of copra production by island.

Explanatory variable S SE t Sgnificance
Copra price -4.62 2.16 -2.14 0.052
Fish price 0.84 3.85 0.22 0.830
Rain; + raing.; 0.00 0.00 2.03 0.064
Constant 2.03 2.33 0.87 0.400
N 20

Within R? 0.29
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