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Abstract

The effort to conserve fisheries resources and improve the welfare of small-scale fishing
households is an important objective of Poverty Reduction Strategies (PRS) in Tanzania. The
success of such strategies depends both on the variation and the level of efficiency within small-
scale fishing households. This paper examines the technical efficiency of small-scale fishing
households in Tanzania using data from two coastal villages (Mlingotini and Nyamanzi). A
stochastic frontier (with technical inefficiency effects) model is specified and estimated. The
estimated mean technical efficiency of small-scale fishing households is 52%. Results show that
the efficiency of individual fishing households is positively associated with fishing experience,
size of farming land, distance to the fishing ground, and potential market integration and
negatively related to non-farm employment and bigger household sizes.

We find that future policies aiming at targeting conservation-development issues in
fishing communities should be concerted to provide mechanisms, which improve the access of
small-scale fishing households to less destructive fishing tools via provision of credits, and

markets as well as the creation of new employment opportunities in other sectors.
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1. Introduction

In Tanzania, the role of fishing in national development, both from a poverty alleviation
point of view and from a national economic perspective, poses some interesting concerns.
For a long time, fishing has been regarded as one of the most important activities, which
form the basis of livelihood of households living along the coast (UN, 1992;
Coughanowr, et al., 1995; Moffat, et al., 1998; Lindén and Lundin, 1996). The fisheries
sector is almost entirely dominated by small scale, poor fishing households who produce
95% of total marine catch in Tanzania (Semesi, et al., 1998; TCMP, 2001). The
contribution of marine fishery to the GDP varies between 2.1-5.0% for Tanzania
mainland and 2.2-10.4% in Zanzibar (Jiddawi and Ohman 2002). Fish caught in Tanzania
is primarily consumed on the home market, where per capital consumption has been
estimated to be between 25-30 kg person” (Jiddawi, 2001). The fisheries products are
important exports products, creating earnings of US$ 12.0 million for Tanzanian
mainland and US$ 0.6 for Zanzibar (Jiddawi, 2001)".

The demand for fish in Tanzania is increasing due to the increase in population
living along the coast and with the expansion of tourism activities (Francis and Bryceson,
2001; TCMP, 2003). As a result, the number of households participating in fishing is
increasing due to high prices driven by high demand of both fish and fish products
(Bagachwa and Maliyamkono, 1994). However, recently Tanzania has witnessed a poor
performance of fishery productivity, in terms of production per unit efforts. The reason
being that the sector is characterized by open access where there is crowding of efforts to
coastal inshore waters. This is attributed to the lack of technical skills and capital on the
fishing households’ side to go beyond the inshore waters. The intensity has been
increasing in the inshore waters and leads to over fishing (Jiddawi, 2001). With the scarce
resources and growing fish demand, decision makers (policy makers and households)
face the challenge of developing a sustainable small-scale fisheries sector, which can
incorporate socio-economic and environmental objectives in their planning decisions. In

Tanzania, sustainable development in the small-scale fishery sector, associated with

! Fisheries products include shellfish (shrimps and lobster) and crabs.



increased income of households participating in fisheries is one of the major targets of the
national plans’. In addition to this, the World Bank has recently launched a new grant
within the Global Environment Facility (GEF) for the Tanzanian Marine and Coastal
Environment Management project (WB, 2005). The project aims at promoting coastal
resource management and improving quality of life and social wellbeing of coastal
households.

The fisheries sector, despite being an important source of livelihood for the
majority of coastal households, has been plagued by a number of problems. These
include poor and inefficient fishing gears and vessels, lack of capital, poor fisheries
management, limited access to better market coupled with poor handling facilities, poor
infrastructure and high post-harvest losses (Semesi, et al., 1998; TCMP, 2001). Together
with a lack of alternative employment opportunities and increased number of fishing
households, the above mentioned problems have been the main cause of the decrease in
fish catch as well as degradation of fish stock and over-exploitation. As a result, most
households will continue to be trapped in poverty. The main challenge for the growth of
small-scale fisheries is how to improve production performance while, at the same time,
ensuring sustainable level of fisheries resources. Therefore, measurement and analysis of
small-scale fishing households’ performance become important.

Various initiatives have been undertaken by international organizations,
governmental and non-governmental organizations in order to ensure that fishing
activities bring about economic, social and nutritional benefits. The initiatives have
focused on the necessity of making small-scale fishing households more efficient, while
finding a way to conserve fisheries resources by combining management of limited
access to fisheries resources and incentives for participants to exit the sector (Allison and
Ellis, 2001). However, these initiatives did not consider the importance of small-scale
fishing households behavior in their decision-making process.

Although the importance of fishing households’ behavior has often been raised in

policy debates on coastal resources management, little empirical evidence is available on

? The National Fisheries Sector Policy and Strategy Statement of 1997 and the National Environmental
Policy of 1997, both stress the need to promote conservation development and sustainable management of
fisheries resources. Implementation of the Fisheries Master Plan of 2002 is also geared towards supporting
those initiatives so that the resource contributes more to the livelihood of the fishers.



the validity of such arguments. This implies that there is a need to understand the nature
of small-scale fishing households’ operations and how small-scale fishing households
respond to regulations or other stimuli with respect to their preferences. This will enable
policy makers to develop efficient policies targeting coastal resources conservation and
households’ welfare. Empirical studies suggest that productivity in fishing depends on the
fishing households’ preferences, technology, assets endowments (physical, financial,
human and social), and available infrastructure (Gaertner et al., 1999; Salas, 2000; Salas
and Gaertner 2004). Nevertheless, although the literature suggests a number of
explanations to this phenomenon, there have not been any recent empirical studies in
Tanzania, which can validate these hypotheses. In this sense, the empirical evidence is
very important in order to identify the factors that limit the productivity of small-scale
fishing households so that policies can be designed to enhance efficiency based on recent
and reliable information.

Taking the above into consideration, this paper measures and analyses the
performance of small-scale fishing households in Tanzanian coastal villages. The paper
applies a stochastic production frontier model, which measures the relative technical
efficiency in a consistent way while also shedding light on the factors associated with
these efficiency differences based on a framework that has been used in other fisheries
studies (see for example, Sharma and Leung, 1999; Squires, et al., 2003; Lokina, 2005).
The availability of such knowledge can be a valuable aid to policy makers in designing
policies to improve the overall efficiency and hence improve the welfare of fishing
households. Data used in this study originates from an on-site survey collected between
January — March 2004 based on a sample of 217 households, of which 124 households
were fishing (for details see Sesabo and Tol, 2005).

The rest of the paper is organized as follows. Section 2 presents the theoretical
framework while section 3 describes the data, variables and empirical model. Section 4
presents empirical results and discussion and section 5 offers conclusion and policy

implications.



2. Methodological issues

In this paper we used a stochastic production frontier to calculate technical
efficiency of each fishing household. The production frontier represents the maximum
output attainable for each input level given the state of technology. Firms operate either
on a frontier (they are technically efficient) or beneath the frontier (they are technically
inefficient). The technical efficiency (TE) in production refers to the achievement of
maximum potential output from a given amount of factor inputs, taking into account
physical production relationship. Figure 1 illustrates these concepts for a simple process
in which a single input produces a single output. The production frontier is OV. The firm
operating at point A is technically efficient, while the firm operating at B is technically
inefficient. The TE score for the technically efficient firm is 1, while for the technically
inefficient is g/ ¢g*.

Aigner et al. (1977) and Meeusen and van den Broek (1977) were the first to
propose the modeling estimation and application of stochastic production frontier. The
production frontier analysis models are motivated by the idea that deviations from the
production ‘frontier’” may not be entirely under the control of the production unit under
the study. These models allow for technical inefficiency, but they also acknowledge the
fact that random shocks outside the control of producers can affect output. They account
for measurement errors and other factors, such as weather conditions, diseases, etc, on the
value of output variables, together with the effects of unspecified input variables in the
production function. The main virtue of stochastic frontier model is that, at least in
principle these effects can be separated from the contribution of variation in technical
efficiency. The stochastic frontier approach is preferred for assessing efficiency in fishing
because of the inherent stochasticity involved (Kirkley et al., 1995). However, the
distribution to be used for the inefficiency error has been source of contention (Griffin
and Steel, 2004). Since households in developing countries typically fall below the
maximum that is possible, the deviation from actual maximum output becomes the
measure of inefficiency and is the focus of interest for most empirical work. Increasing
the technical efficiency would result in the growth of production without increasing costs,
that is, reducing poverty. At the same time, pressure on the environment would be

checked. In addition, as the poor tend to be more efficient, income distribution would



improve as well. Increasing technical efficiency thus supports all three pillars of
sustainability.

The stochastic frontier model proposed by Aigner et al., (1977), and then
extended by Huang and Liu (1994) and Battese and Coelli (1995) is a good approach to
identify the significance of improving the productivity of small-scale fishing households.
Consider fishing households denoted by i whose fishing output is determined by the

following production function:

In(y,)=x,4+¢& where §=vu,-mu, (Stochastic Frontier Model) (1)

Where; i = 1, 2,......, N ; », measures the value of fishing output of the i household; X;
is (1 x K) vector of value of the inputs and other explanatory variables; and £ isal x K
vector of unknown scalar parameters to be estimated. The error term wvu, is an
idiosyncratic error term similar to that in traditional regression model and is assumed to
be independently and identically distributed as N(0,o.,). The term captures random

variation in output due to factors beyond control of the households, such as weather,
measurement errors in dependent variables and omitted explanatory variables. The error

term mu, is a non-negative random variable, accounting for the existence of technical
inefficiency in production and it is identically distributed as half-normal mu, ~ ‘N (O, 02‘ .

The inefficiency effect of mu, is assumed to consist of both unobserved systematic

effects, which vary across the small-scale fishing households. The subtraction of the non-

negative random variable mu,, from the random error vu,, implies that the logarithm of

the production is smaller than it would otherwise be if technical inefficiency did not exist

(Battesse and Coelli 1992)

However, following Battese and Coelli (1995), the inefficiency distribution parameter

can also be specified as

mu, =6, +z,0 +w, (Inefficiency Model) (2)



Where; @, is distributed following N(0,07), z, is a vector of household specific effects

that determine technical inefficiency and & is a vector of parameters to be estimated.
Household specific factors that may affect technical efficiency include household size,
fishing experience, and agricultural land-ownership, among others. Input variables may
be included in both Equations (1) and (2) provided that technical inefficiency effects are
stochastic (Battese and Coelli, 1995)

The condition that mu >0 in Equation (1) guarantees that all observations either
lie on, or are beneath the stochastic production frontier. Following Battese and Corra

(1977) and Battese and Coelli (1995), the variance terms are parameterized by replacing

2 2 :
o, and o, with

mu vu

The value of y ranges from 0 to 1, with the value equal to 1 indicating that all the
deviation from the frontier are due entirely to technical inefficiency (Coelli et al., 1998).

The technical efficiency of the i household can be defined as:

_ E(Y; |mui 4 Xz) __ _—mu;
P = =e 3)
E(Y,|mu, =0, X))

Where; E is the expectation operator. Thus the measure of technical efficiency is based

on a conditional expectation given by Equation (3), given the value of vu, —mu,

evaluated at the maximum likelihood estimates of the parameter in the model, where the

expected maximum value of Y, is conditional onmu, =0 (Battese and Coelli, 1988). The
measure 7TE, takes the value between zero and 1 and the overall mean technical

efficiency of households is:



- {1_ ¢ [O-mu —(mu/ Gmu)]}e_mm(l/z)afﬂu 4)

l-¢(mu/o,,)

Where; ¢(.) represents the density function for the standard normal variable.

A variety of distributions (e.g. exponential, truncated-normal and gamma) are

used to characterize the technical efficiency term mu, in the existing literature that apply

the stochastic production frontier.’ While models that involve two- distributions
parameters (e.g. gamma and truncated normal) can accommodate a wider range of
possible distributional shape, their application appears to come at a potential cost of
increased difficulty in identifying parameters (see Ritter and Simar, 1997). Different
simulations exercises carried out by Greene (1990) indicated that the most
straightforward model (i.e. half normal) is preferable to other models from an
econometric point of view'. Hence, our analysis on the factors affecting small-scale

fishing households efficiency is based on the half-normal model.

3. Data, variables and empirical model

3.1. Data

The data used for this empirical application is a sub-sample of a random sample
survey conducted between January-March 2004 on 217 households in two districts in
Tanzanian coastal regions. The households in the sample are located in Nyamanzi village
(West district) and Mlingotini village (Bagamoyo district). The selection of the villages
was purposeful rather than random. They were selected based on the consultations with
the Institute of Marine Sciences in Zanzibar, for households that reflect the diversity of
environmental condition and economic opportunities available to households in the
coastal area.

The design and data collection was carried out under supervision of
corresponding author by trained enumerators who had experience with the coastal

villages surveyed. Information from these coastal households was gathered through

3 See Kumbhakar and Lovell (2003) for a more comprehensive discussion of alternative distribution
assumptions found in the literature.
* For details see Kumbhakar and Lovell, 2003-pp90-91



questionnaires and observations. Structured interviews were conducted with head of
households covering information on households’ demographic structure, labor allocation,
land ownership, income sources, sales of outputs, access to markets, coastal resources
problems and attitude towards management of coastal resources. Household income from
agriculture, fishing, seaweed-farming, wage-employment and self-employment was
estimated according to reported production (for consumption or sale) at prevailing market
prices. Fishing, transport and other assets were valuated subjectively by respondents as
equivalent to current resale value. From the original 217 households in the survey, 124
households participated in fishing, which was the most important occupation in the study

area. Sesabo and Tol (2005) analyze other aspects of this dataset.

3.2.  Variables and variables construction

Production frontiers in fisheries are generally depicted as a function of fishing
efforts and stocks abundance (Cunninghum and Whitmarsh, 1980; Hannesson, 1983). In
theory, fishing effort encapsulates all physical inputs used in harvesting (Anderson,
1986). In empirical works, it is typically represented as a function of certain easily
measurable production inputs. In the present study, these are fishing boats and gears.
Tablel describes selected characteristics of the sample of households participating in
fishing occupation.

The output of fishing activity is presented in terms of total fishing income earned
by the household (taking into account the value of fish sold and consumed in Tanzanian
Shillings (Tshs)®), while yield is measured as total fishing income (Tshs) produced per
hour (hr)°. Tablel indicates that the mean yield of fishing activity of the surveyed sample
was 741 Tshs/hr, with a range of about 64.6-4808 Tshs/hr. ‘The yield gap’ between the
average and the lowest fishing yield was 674.9 Tshs/hr and between the average and the
highest was 3349 Tshs/hr. These results suggest that there is a considerable room for

improving average fishing yield in the study area.

> During time of survey 1 US$ is equivalent to 1100 Tshs

® The species are typically harvested in different seasons and are sold in different markets. We converted
the measurements of catches (for example kilograms, buckets, basket, number of fish etc.) to uniform
prices across households. Therefore, the bulk of the variability in the dependent variable of the frontier
model can be attributed to harvest rather than price changes. Revenue has been used as output measure in a
number of TE studies (Fousekis and Klonaris, 2003; Coelli and Perelman, 2000; Neff et al., 1993)



Due to the nature of fishing in the study area, access to the means of production,
e.g. ownership of nets, canoes etc., shape the pathway in which small-scale households
undertake fishing. In addition, the access to production-enabling resources such as
renting of fishing boats influence the productivity of fishing in most of coastal
communities. In the present study, boat ownership and renting, as well as the possession
of fishing gears are the main inputs used in fishing. Thus, boat ownership and ability to
rent are used as one of fishing inputs (a proxy for fishing capital) due to the fact that they
require large investment. The capital input is measured as summation of the value of
fishing boats and the rental cost in Tanzanian Shillings. In addition to production inputs,
fishing gears is used. All inputs are expressed in terms of their value in Tshs. On average
the value of capital and gears were 169,219 Tshs and 48,225.90 Tshs, respectively
(Tablel). Boat ownership, boat renting and possession of fishing gears are important
determinants of total fishing income (catch). Therefore, boat ownership and rental costs
are used as proxies of fishing capacity.

Variables representing household characteristics employed in the inefficiency
analysis include agricultural land size in hectares, household size, household head fishing
experience (presented in years), the distance to fishing ground as presented by the
average kilometers a household member travel from the shore to fishing ground, access to
markets as measured in transport costs and a dummy variable of participation in group
activities.

The net effect of land ownership on fishing efficiency is ambiguous, since
participation in agricultural activities may restrict production and decisions regarding
fishing activities, thereby increasing inefficiency. On the other hand, an increase in
agricultural income might reduce the financial constraint, particularly for the resource
poor small-scale fishing households and enable them to invest in fishing inputs. The
simplified assumption is that household heads whether male or female, are also a primary
decision maker on participation in various activities. Tablel shows that on average small-
scale fishing households own 3.8 ha of farming land.

The household’s size also has an ambiguous effect. The family size is associated
with the availability of timely labor, in this case larger families are likely to be more

efficient. On the other hand, a large household with more female and dependants increase
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inefficiency in fishing due to low supply of fishing labor. This is because in coastal rural
areas of Tanzania, fishing is a male dominated activity. Tablel indicates that a typical
household consists of 4.7 members. In addition, on average the shares of women workers
and dependants within the surveyed sample are 31.12% and 33.12%, respectively.

Fishing experience of the household’s head, which represents human capital, is
generally postulated to have a positive impact on efficiency. This common view of the
role of experience in fishing comes from the fact that it enables heads of households to
have information on fishing ground, where fish go and spawn, and water currents. On
average, households’ members participating in fishing had 17.8 years of fishing
experience (Tablel). The distance to the fishing ground captures the availability of the
fish stock. It is postulated that the longer the distance they travel to fish, the higher the
fishing efficiency. Hence, its effect on technical efficiency is expected to be positive. The
reason behind this is that most of fisheries resources near the shore are overexploited due
to the use of poor and destructive fishing methods driven by an increase in population in
coastal areas. Furthermore, if the productivity is low, and travel time is large, why
bother? Tablel shows that on average the distance traveled by household members to
fishing grounds was 6.8 km. Affiliation to fishing group activities provides mechanisms
for mutual aid among members. These associations and groups are established to secure
labor, skills, as well as credit. Therefore, the current study assumes that access to group
activities have a negative effect on inefficiency. The data from the Tablel shows that
74% of households had a member who participates in group activities.

The net effect of off-farm employment on inefficiency is unclear, since
participation in non-farm employment may restrict production in the fishing sector and
thereby increase inefficiency. This may be due to the fact that in rural coastal settings,
most of these activities do not require a higher level of initial capital and both fishing and
off-farm employments activities are labor intensive. Hence participation in one activity
reduces labor input to other activities. On the other hand, income from off-farm
employment may reduce financial constraints, particularly for resource-poor households,
enabling them to procure inputs such as fishing boats, thereby increasing productivity. On
average, fishing households had yearly income of about 1,342,510 Tshs, from other

activities such as self-employment as well as wage employment (Tablel).
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In this study, transport costs are used to capture the relationship between market
integration and technical efficiency. Those households incurring higher costs sell their
products far from the villages and they integrate into markets outside the local village.
This implies that households with the capacity to integrate in different markets by
covering of transport costs may be more efficient than those who cannot cover the costs.

Fishing households had average transport costs of about 115,166 Tshs per year (Tablel).

3.3  Empirical model

There are several functional forms that have been developed to measure the
physical relationship between inputs and outputs. The most common forms are Cobb-
Douglas (CD) and the transcendental logarithmic (translog) functions. The translog
production function reduces to the CD if all the coefficients associated with the second-
order and the interaction terms of fishing inputs are zero. In this study, the generalized
likelihood ratio tests are used to help confirm the functional form and specification of the

estimated models. The correct critical values of the tests statistic come from a

2 2
A distribution (at the 5% level of significance) and a mixed % distribution, which is

drawn from Kodde and Palm (1986). This study employs the following translog

stochastic production:

InY, = B, + B, Incapital + B, In gear+p,,(In capital)’ + B,,(In gear)® (5)

+f,, In gear In capital + vu, —mu,

Where; the subscript i , indicates the ith household in the sample (i=1, 2, ....,124); In

represents the natural logarithm (i.e. logarithm to base ¢); B, =0 for all i< ;=12

implying Cobb-Douglas production function. Symmetry has also been imposed by

B, =P, and inputs are capital and gear. ¥ Represents the output of fish (this is the

aggregate value of fish caught per day weighted by the respective prices); capital
represents the value of boat owned, shared or rented (in Tshs); gear represents the value

of gears (in Tshs); B, are unknown parameters to be estimated, vu, is a random

stochastic disturbance term and mp, stands for technical inefficiency term.
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In this study, the following model is used to estimate determinants of household

specific technical efficiency. The model is specified as:

mu, = 0, + 6, In(hhsize) + 6,In(exp 1) + d,In(land) + 6,In(distf ) + oIn(otherinc)
+6,In(tranpcst) + 6, partic

(6)

Where; hhsize represents number of household members; expf represents household head
fishing experience (in years); distf represents distance to fishing ground (in kilometers);
land represents the amount of agricultural land owned (in ha); otherinc accounted for the
availability of income from other activities (in Tshs); tranpcst represents the total
transport costs (in Tshs); partic represents the group dummy which has the value of 1 for

households participating in groups, and 0 otherwise; &, is the intercept ando, are

unknown parameters to be estimated.
The technical inefficiencies equation (6) can only be estimated if the technical

inefficiency effects, mu,, are stochastic and have particular distribution properties (Coelli

and Battese, 1996). Therefore, the following null hypotheses were of interest and were

tested: no technical efficiency, y =9, =....... =0, =0; technical efficiency effects are
nonstochastic, y =0; and the household specific factors do not influence the technical
inefficiencies, &, =....... =0, =0. Under y =0, the stochastic frontier model reduces to a

traditional average response function that is without technical inefficiency. Various tests
of null hypotheses for parameters in the frontier production functions as well as in the

inefficiency model are performed using generalized likelihood-ratio test statistic defined
by;

A==2[In{L(H,)}-In{L(H,)}] (7)

Where; L(H,) and L(H,) represents the value of the likelihood function under the null
H  and the alternative H, hypotheses, respectively. If the null hypothesis is true, the rest

statistic has approximately a chi-square or a mixed chi-square distribution with the degree
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of freedom equal to the difference between parameters involved in the null and
alternative hypotheses.

Since the coefficients of the translog stochastic frontier in Equation 5, do not have
a straight forward interpretation, the elasticity of output with respect to k™ inputs variable

7, , evaluated at mean values of the relevant data point can be derived as;

0 % Olny
=——*_t= =qa, + Inx; 8
&, y ohnx, ° 2y ®)

e

Where; x's are means of inputs variables (i.e. capital and gears). The elasticity, 7,,

measures the responsiveness of output to 1% change in k™ input. The measure of return
to scale (RTS) is representing the percentage change in output due to a proportional
change in the use of all inputs. This is estimated as the sum of output elasticities for all
inputs. If this estimate is greater than, equal to or less than 1, we have increasing,

constant or decreasing returns to scale, respectively.

4.  Empirical Results and Discussion

The parameters of the stochastic production frontier model Equation (5), and
those for the efficiency model, Equation (6), are estimated simultaneously using the
maximume-likelihood estimation (MLE) program FRONTIER 4.1 (Coelli, 1996). Several
generalized likelihood-ratio tests regarding the stochastic frontier coefficients,
inefficiency model and variance parameters are summarized in Table 2. The stochastic
production frontier model results and efficiency model are presented in Table 3 and Table

4.

4.1 Production Frontier

In order to be able to estimate the potential contribution of physical inputs to the
level of fishing output, we estimate the normal production function using ordinary least
squares. Our results indicate that 85% (Adj R°=0.85) of the fishing output variation is
explained by fishing capital and gears (Table 3)

14



Considering that the Cobb-Douglas form is nested within the translog function
form, a hypothesis is performed to determine whether the Cobb-Douglas or the translog
specification is an adequate representation of the frontier production function. Table 2
shows that the null hypothesis of the Cobb-Douglas frontier form can be rejected by the
data at a 5% critical level, and hence, all results presented in this study refer solely to the
translog.

The direct estimates of Equation (5) do not bear any economic meaning on them.
The production elasticities for the estimation of translog model is evaluated by means of
relevant data points defined by Equation (8) are 0.45 (o =0.0207) and 0.32 (o =0.0416)
for capital and gears inputs, respectively’. All the coefficients have a positive relationship
with respect to output. If capital value increases by 10%, there seems to be a possibility
of increasing output by about 4%. The return to scale parameter was found to be 0.77
(0=0.0256), implying a decreasing return to scale (expansion of all inputs by 1%
increases output by 0.77%).* This is consistent with expectations, since minimum
efficient scale in small artisan fishermen in developing countries is usually found to be
rather low. This may be partly explained in terms of lack of communication and transport
infrastructure, imperfect inputs and output markets as well as poor fishing tools due to

poverty.

4.2 Technical efficiency distribution and heterogeneity

We report summary statistics of efficiency score by household characteristics
(size of agricultural land, household size, experience in fishing, distance to fishing
grounds, other income opportunities, market integration and affiliation to group
activities) in Table 4. The results obtained suggest a significant degree of heterogeneity
by small-scale fishing households and their characteristics. The average efficiency score
are higher for the small-scale fishing households with large agricultural land, better
access to far fishing grounds and markets, and other employment opportunities. This

suggests that better access to these factors could improve efficiency.

" The standard errors of elasticities were computed using the formula proposed by Kalirajan and Tse
(1989, pp181)

¥ The standard error was calculated using the following formula:

Var(return to scale) = Var(capital) + Var(gears) + 2 cov(capital, gears) , with the assumption that the

covariance between two variables is approximately equal to zero.
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Figure 2 provides frequency distributions of efficiency estimates using the
efficiency estimates for all small-scale fishing households. A technical efficiency
measure of 100 indicates a complete efficiency use of the inputs included in the frontier
function specification. Figure 2 shows that the technical efficiency ranges from 13% to
100% with mean technical efficiency estimated to be 51.68%. This implies that on
average small-scale fishing households could increase production by 48.12% by
improving their technical efficiency. The results indicate that ca. half of households have
technical efficiency of less or equal to 50%, ca. 1/5 have efficiency scores of 51 to 60%,
ca. 1/10 have technical efficiency ranging from 61% to 70%, and only 17% have a
technical efficiency above 70%. Despite the wide variation in efficiency, it is clear that
about 70% of households seem to be skewed towards technical efficiency level of less
than 61%. The results imply that a considerable amount of production can be obtained by
improving technical efficiency of small-scale fishing households.

The null hypothesis specifies that small-scale fishing households are technically
efficient. This implies that inefficiency effects are absent and the variables included in the
inefficiency effect model, have no effect on the level of technical efficiency. This
hypothesis can be rejected by the data (Table 2). This null hypothesis is also rejected,
showing that the joint effect of these variables on efficiency is statistically significant.

The estimated value of the y -parameter, which is associated with the variance of

the technical inefficiency effects in the stochastic frontier, is 0.51 (Table 3). This result
suggests that technical inefficiency effects are significant components of total variability
of fishing output for the sample of households (Battese and Coelli, 1995). The null
hypothesis, which specifies that the explanatory variables in the technical inefficiency
model are not stochastic, is rejected by the data. Therefore, small-scale fishing
households are not technically efficient, which implies that inefficiency effects are
present. Thus, it can be concluded that the explanatory variables in the technical
efficiency model do contribute significantly to the explanation of the technical
inefficiency effects for small-scale fishing households in the study area.

The last assumption to be tested is that the inefficiency factor error term mu, has

a truncated normal distribution, obtained by truncating (at zero) the normal distribution

with mean mu, and variance o, . If muis pre-assigned to be zero, then the distribution
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is semi-normal. From Table 2, it can be seen that the null hypothesis cannot be rejected

by the data, which indicate the distribution of mu, is semi-normal.

4.3  Determinants of technical inefficiency

Given the efficiency estimated for each fishing household, we proceed by
identifying the determinants of this variable. We try to answer the question; why are
some fishing households are more efficient than others? A negative sign on a parameter
that is explaining inefficiencies means that the variables improve technical efficiency,
while the reverse is true for a positive sign. Table 5 lists coefficients of the explanatory
variables of technical inefficiency model. As expected, the coefficient of experience
(expf) is negative, which means that fishing experience pay-off well. Household members
who participate in fishing with more years of experience in fishing are found to be more
efficient than their counterpart. The fishing experience variable appears to be an
important human capital for increasing fishing productivity. This result is consistent with
earlier studies on fishing sectors (Sharma and Leung, 1999; Squires et al., 2003; Tingley
et al., 2005; Lokina, 2005).

The coefficient of land size (land) is found to have a significant negative
influence on technical inefficiency (Table 5). This shows that households with large
tracts of land appear to be more efficient as compared to households with less land. The
reason, which is most likely to explain this result, is that in coastal settings, landless
fishermen lack the opportunity to increase their capital resources and to improve fishing
productivity. This suggests that agricultural land provides an important complement to
many marine-based activities because of lack of financial institutions, which provides
investment capital for fishing activity. These results are consistent with the findings of
Sesabo and Tol (2005) for rural coastal households that land endowment is often
associated with more fishing income, and a higher investment in fishing. In addition,
Bailey and Pomeroy (1996) showed that many artisanal fishermen in Southeast Asia
possess land that enables them to combine fishing with farming.

The distance (distf) to fishing grounds has a parameter value of 6= -0.09 (Table
5). This implies that fishermen who travel long distances to access fishing grounds tend

to be more efficient than their counterparts. This is expected since a long distance to a
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fishing ground would imply larger access to fishing grounds with more fish stock. The
result indicates that those households who manage to access far fishing grounds normally
catch more fish. This result is further supported by the fact that fishermen with high-
value fishing boats, travel a longer distance because their boats are advanced compared to
their counterparts. However, the distance (distf) and boat value was found to be weakly
correlated.

Concerning the variable, which captures the potential market integration
(tranpcost), the coefficient indicates that households with higher transport costs tend to
be more efficient (Table 5). The market integration involves transaction costs from
markets, poor infrastructure and high markets margin (Sadoulet and de Janvry, 1995). In
Tanzanian coastal areas, just like other rural areas in developing countries, transaction
costs emanate from a number of sources. Small-scale fishing households are located in
remote areas far away from service providers and major consumers of fishing products.
The distance to market when combined with poor infrastructure, poor access to assets and
information is manifested in higher exchange costs. The results indicate the presence of
transaction costs, which suggest that rich fishing households are able to integrate into
different markets than their poor counterparts. This enables them to secure high prices.
As a result, richer fishing households are motivated to increase their productivity and
hence they tend to have a higher level of efficiency. In addition, households with higher
transport costs have market security due to the fact that they can sell their products in
different markets (in both local and town markets). This is consistent with findings of
Halafo et al. (2004), which showed that infrastructure and lack of access to markets are
some of constraints facing artisanal fishermen in Lake Malawi.

Pertaining to the household size (hhsize), the estimated coefficient is significant
and positively associated with technical inefficiency (Table 5). This means that
households with a larger size tend to be less efficient than those with a smaller size. The
result is consistent with our prior descriptive statistics results, which indicate that
efficiency scores decreases with the increase in household size (see table 4). This implies
that households with larger size have a higher proportion of dependents compared to their
counterparts. The correlation between share of dependants in the household and size of

households was found to be positive (0.5447), suggesting that as household size
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increases, the number of dependants increases too. Indeed, Parikha and Shah (1994) and
Karki (2004) report a positive relationship between households’ size and technical
inefficiency in Pakistan and Nepal, respectively. Consequently, an increase in household
size means a reduction of labor force as a result of increased number of dependants.

The income from other non-farm activities accruing to households (otherinc) has
a significant positive impact on inefficiency. This result is in contrast with the descriptive
statistics, which shows a negative correlation between inefficient and income from other
non-farm employment opportunities. This implies that households with more income
from these activities are more efficiency than their counterparts. One possible explanation
could be that landless small-scale fishing households have significantly (p= 0.0418) low
valued fishing capital compared to their rich counterparts and this does not give them a
comparative advantage of participating in fishing. As a result, they opt to allocate most of
their labor into other employment opportunities, thus reducing labor supply to fishing
activities that is essential for enhancing production efficiency. As a result, the supply of
labor to off-farm activities by households could possibly be restricting fishing production

and thereby worsening technical efficiency.

5. Conclusions and Policy Implications

This paper has examines technical efficiency among a sample of small-scale
fishing households in two villages using a translog stochastic frontier model. Also,
information is provided on the extent of technical inefficiency in small-scale fishing
households. The results obtained from this paper have shown that the average technical
efficiency level is about 52%. This implies that the fishing productivity level is
substantially smaller than what the fishing households could have achieved had they used
productive factors more efficiently. Comparing the average efficiency levels of small-
scale fishing households, we find a high level of heterogeneity. There are households
with an efficiency of about 99.9%, while others have an efficiency of around 13%. This
reveals that household characteristics play a crucial role in reducing efficiency.

The inefficiency model allows us to identify some determinants of inefficiency of
small-scale fishing household efficiency. The findings indicate that the fishing

experience, agricultural land ownership, distance to fishing ground, and the ability to
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cover transport costs are significant variables for improving technical efficiency.
However, affiliation to groups in terms of sharing and renting fishing assets does not
appear to alter the extent to which fishing households are able to produce maximum
output with a given mix of inputs. This suggests that efficiency-enhancing policies need
not discriminate among households on the basis of whether they participate in communal
activities or not. In addition, the results show that the number of household members and
the choice to participate into non-farm employment is associated with low fishing
technical efficiency.

These findings have important policy implications in promoting efficiency among
small-scale fishing households in the two villages studied and in Tanzania in general. The
positive effect of distance to fishing grounds, in particular indicate that reduced travel
costs would augment the productivity of small-scale fishing households since they will be
able to access unexplored fishing grounds. This finding supports the views of Anderson
(1986) and Friedman (1998) in that small-scale fishing households in developing
countries have been unable to fully exploit the available fish resources. In addition to this,
it was observed that the tendency of households to fish in the same ground and the use of
poor fishing tools lead to the problem of over-fishing, which in turn decreases fishing
productivity (see Sesabo and Tol, 2005). These results indicate that investments in fishing
boats are essential in order to improve fishing efficiency and enable small-scale fishing
households to access long distance, less exploited areas, which will have abundant fish
resources. However, this should be selected carefully to ensure that the additional costs
are recovered through increased catch and fish quality. In addition, there is a need to
promote those programs that are geared towards improving credit facilities. This would
offer capacity to small-scale fishing households to invest in more advanced fishing boats.
As a result, households would be able to explore far away fishing grounds, thus reducing
the problem of onshore over-fishing.

These findings show that the relationship between transport costs and technical
efficiency is positive. The data suggests those small-scale fishing households that are able
to cover high transport costs, do better in efficiency terms, than those households whom
do not incur high transport costs. This means that households with higher costs have

more potential to integrate in different markets while those without capacity to integrate
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in different markets do miss the opportunities for efficiency gains. From a poor
household perspective, the result indicates that the lack of market access creates
disincentives in catching more fish. Indeed, poor infrastructure has been identified as one
of the major impediments to small-scale fishing households in coastal villages (Sesabo
and Tol, 2005). This result points to a need of improving market access (such as investing
in infrastructure) to households so as to enhance efficiency in fishing in particular for
poor small-scale fishing households.

Overall, this study indicates that substantial productivity gains can be obtained by
continuously improving small-scale fishing households production efficiency. Hence it is
important to strengthen the capacity of small-scale fishing households, so as to improve
their welfare. This can be done through their empowerment to acquire improved fishing
tools and vessels. This will enable them to be efficient in their operation. Credit facilities
to small-scale fishing households in most developing countries are not easily available
because creditors categorize fishing as a high-risk investment. To overcome this
presumption, most of small-scale fishing households form groups in order to pull
resources together. Even though affiliation to group activities did not have a direct effect
on efficiency, there is a need among international, governmental and non-governmental
organizations to recognize the importance of formation of viable fishing groups so as to
channel their support to these kinds of groups. Most of these groups are new, small and
unregistered and their performance is yet to be assessed in order to improve them.

In general, this study suggests that there are several factors that could be affected
by public instruments. These factors are related to input quality, specifically the
acquisition of improved gears and vessels and provision of market access. Accordingly,
government policies should be geared towards increasing and improving access of small-
scale fishing households to capital. This would allow them to increase investment in
modern fishing tools. This will not only help in reducing pressure on inshore fishing
ground but also improving their efficiency. In line with this view, there is a need to
promote investment in infrastructure so that fishing households can gain access to
markets with their products. This will enable them to reduce their post-harvest losses.
These kinds of policies may be very important in order to improve the livelihood of

small-scale fishing households along the coastal regions in Tanzania.
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Despite the limitation of our cross-sectional data, which makes it impossible to
estimate multi-seasonal and time varying efficiency, this study sheds light on the sources
of inefficiency faced by small-scale fishing households in Tanzanian coastal areas. To get
a clearer picture of sources of fishing inefficiency, one important extension for analyzing
the role of fishing household characteristics in fishing efficiency would be the use of
seasonal and panel data. The data on fishing household behavior in Tanzania is limited,
just like in other developing countries. In order to build up panel data concerning the
behavior of fishing households, there is a need for government and non-government
organizations, and research institutions to invest in information gathering. This is
necessary so as to gain a wider knowledge of small fishing household characteristics,

which is crucial in the design of policies that deals with poverty reduction.
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Table 1 Selected characteristics of the sample households participating in fishing

Variable description Variable Mean Standard deviation
total fish output (Tshs.)** totfish 452853 631690
Yield (total output/hour) ty 741 834
Capital value (in Tshs)** capital 169219 231742
Gears value (Tshs) gears 48226 62210
Household size (persons) hhsize 4.7 2.2
Experience in fishing (years) expf 17.8 12.9
Land owned (ha) land 3.8 2.9
Distance to fishing ground (km) distf 6.8 32

Non farm income (Tshs)** othy 1342510 1506014
Transport costs (Tshs)** tranpcost 115165.9 112383
Participation* partic 74.2% -

* The participation variable is specified as one for households members participating in group activities and zero otherwise

** 1 US$ =1100 Tshs in 2003

27



Table 2 Hypotheses tests

Null Hypothesis Test statistics®  critical value®  Decision
H,:B;=0foralli< j=1,2,3 1276 731 Reject H|,
(Cobb-Douglas Frontier)

HO :7:51 N :57 =0° 5850 17.75 Reject HO
Fishing households are technically
efficient (no inefficient effects)

HO :51 = eeeeees 257 :O 582.6 16.81 Reject HO
(Coefficients of the explanatory variables
in inefficiency model are simultaneous
equal to zero)

Hy:u=0 21 384 Accept

H,

ar A= —2[111{L(H0)} —ln{L(Hl)}] hasa J” distribution

b: Critical value is at 5% level

2
c: A follows a mixed /& distribution. The critical value are in Kodde and Palm (1986)

28



Table 3 Parameter Estimates of the Stochastic Production Frontier

Variable Production Function Stochastic Production Frontier
Coefficient t-statistics Coefficient t-statistics

(Constant) 4.5483 1.61%* -3.5598 -11.6%**

In(capital) -1.5742 2D.84 %k 0.4297 6.1%%*

In(gear) 0.891 1.78%* 0.4046 6.7%**

In(capital)*In(capital) 0.1423 3.6 %% 0.0068 1.4

In(gear)*In(gear) 0.0291 0.74 -0.0013 -0.32

In(capital)*In(gear) -0.1078 -1.7% -0.0059 -0.92

Variance Parameters

sigma-squared (6°= 6°+ 6,%) 0.0016 8.06%**

Gamma [y=(c*/(c*+ 6,%)] 0.51 8.45% %

Log likelihood 234.9

Mean efficiency 0.52

Observations 124

Adjusted R? 0.85

Coefficients followed by (*), (**) and (***) indicate significance at 10, 5 and 1% level, respectively
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Table 4 Summary of Technical efficiency by households characteristics

Technical Efficiency
Households characteristics Mean Standard Deviation observations
Agricultural Land Ownership in
hacters 0 27.15 0.0786 20
0.1 to 2.5 hacters 44.69 0.1439 23
2.6t05.5 50.86 0.1122 44
above 5.5 70.27 0.1822 37
Household Size less than 3 members 55.23  0.2334 17
3 to 5 members 51.66 0.2063 68
above 5 members 50.17  0.1742 39
Experience in Fishing less than 5 years 219  0.0412 10
5 to 10 years 37.38 0.0423 31
above 10 years 63.22  0.1594 77
Distance to Fishing ground less that 5 km 33.66 0.0798 51
5to 10 km 59.42  0.1041 63
above 10 km 94.8 0.0524 10
Other non-farm income less than 300001 Tshs 23.28 0.0412 14
300001 - 600000 Tshs 36.62  0.0462 32
600001 - 900000 Tshs 46.23  0.0201 17
above 900000 Tshs 67.62  0.1504 61
Group Affiliation Participants 55.79 0.1959 92
non- participants 39.87 0.1617 32
Total transport costs less than 100000 Tshs 41.82  0.1365 78
100001 to 150000 Tshs 59.41 0.144 17
abovel50000 Tshs 73.68 0.1769 29

3
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Table S Estimated Technical Inefficiency Function

Variable coefficient t-statistics
(Constant) 4.4557 18.43%**
In(hhsize) 0.3516 9.97***
In(expf) -0.1346 5.79%%*
In(land) -0.0078 5.19%%*
In(distf) -0.0978 1.97%*
In(otherinc) 0.0063 5.28%%*
In(transpcost) -0.3358 9.84%**
Partic -0.0041 0.38

Coefficients followed by (*), (**) and (***) indicate significance at 10, 5 and 1% level, respectively

31



Output

A
A\
q” A
q B
0 >
Input

Figure 1 Technical efficiency and inefficiency

OIIIIIIIL

31-40 41-50 51-60 61-70 71-80 81-90 >9

Technical efficiency

= = N N
o [&)] o ()]
I I I ]

Percent of Households

a1
I

Figure 2 Technical Efficiency Scores for small-scale fishing households

32



Working Papers
Research Unit Sustainability and Global Change

Hamburg University and Centre for Marine and Atmospheric Science

J. K. Sesabo and R. S. J. Tol (2005), Technical Efficiency and Small-scale Fishing Households in
Tanzanian coastal Villages: An Empirical Analysis, FNU-95 (submitted)

Lau, M.A. (2005), Adaptation to Sea-level Rise in the People’s Republic of China — Assessing the
Institutional Dimension of Alternative Organisational Frameworks, FNU-94 (submitted)

Berrittella, M., A.Y. Hoekstra, K. Rehdanz, R.Roson and R.S.J. Tol (2005), The Economic Impact of
Restricted Water Supply: A Computable General Equilibrium Analysis, FNU-93 (submitted)

Tol, R.S.J. (2005), Europe’s Long Term Climate Target: A Critical Evaluation, FNU-92 (submitted)

Hamilton, J.M. (2005), Coastal Landscape and the Hedonic Price of Accomodation, FNU-91
(submitted)

Hamilton, J.M., D.J. Maddison and R.S.J. Tol (2005), Climate Preferences and Destination Choice: A
Segmentation Approach, FNU-90 (submitted)

Zhou, Y. and R.S.J. Tol (2005), Valuing the Health Impacts from Particulate Air Pollution in Tianjin,
FNU-89 (submitted)

Roéckmann, C. (2005), International Cooperation for Sustainable Fisheries in the Baltic Sea, FNU-88
(submitted)

Ceronsky, M., D. Anthoff, C. Hepburn and R.S.J. Tol (2005), Checking the price tag on catastrophe:
The social cost of carbon under non-linear climate response FNU-87 (submitted)

Zandersen, M. and R.S.J. Tol (2005), A Meta-analysis of Forest Recreation Values in Europe, FNU-
86 (submitted)

Heinzow, T., R.S.J. Tol and B. Briimmer (2005), Offshore-Windstromerzeugung in der Nordsee -eine
okonomische und 6kologische Sackgasse? FNU-85 (submitted)

Rockmann, C., U.A. Schneider, M.A. St.John, and R.S.J. Tol (2005), Rebuilding the Eastern Baltic cod
stock under environmental change - a preliminary approach using stock, environmental, and management
constraints, FNU-84 (submitted)

Tol, R.S.J. and G.W. Yohe (2005), Infinite uncertainty, forgotten feedbacks, and cost-benefit analysis of
climate policy, FNU-83 (submitted)

Osmani, D. and R.S.J. Tol (2005), The case of two self-enforcing international agreements for
environmental protection, FNU-82 (submitted)

Schneider, U.A. and B.A. McCarl, (2005), Appraising Agricultural Greenhouse Gas Mitigation Potentials:
Effects of Alternative Assumptions, FNU-81 (submitted)

Zandersen, M., M. Termansen, and F.S. Jensen, (2005), Valuing new forest sites over time: the case of
afforestation and recreation in Denmark, FNU-80 (submitted)

Guillerminet, M.-L. and R.S.J. Tol (2005), Decision making under catastrophic risk and learning: the case
of the possible collapse of the West Antarctic Ice Sheet, FNU-T9 (submitted)

Nicholls, R.J., R.S.J. Tol and A.T. Vafeidis (2005), Global estimates of the impact of a collapse of the West
Antarctic Ice Sheet: An application of FUND, FNU-78 (submitted)

Lonsdale, K., T.E. Downing, R.J. Nicholls, D. Parker, A.T. Vafeidis, R. Dawson and J.W. Hall (2005),
Plausible responses to the threat of rapid sea-level rise for the Thames Estuary, FNU-77 (submitted)

Poumadére, M., C. Mays, G. Pfeifle with A.T. Vafeidis (2005), Worst Case Scenario and Stakeholder
Group Decision: A 5-6 Meter Sea Level Rise in the Rhone Delta, France, FNU-76 (submitted)

33



Olsthoorn, A.A., P.E. van der Werff, L.M. Bouwer and D. Huitema (2005), Neo-Atlantis: Dutch Responses
to Five Meter Sea Level Rise, FNU-75 (submitted)

Toth, F.L. and E. Hizsnyik (2005), Managing the inconceivable: Participatory assessments of impacts and
responses to extreme climate change, FNU-74 (submitted)

Kasperson, R.E. M.T. Bohn and R. Goble (2005), 4ssessing the risks of a future rapid large sea level rise:
A review, FNU-73 (submitted)

Schleupner, C. (2005), Evaluation of coastal squeeze and beach reduction and its consequences for the
Caribbean island Martinique, FNU-72

Schleupner, C. (2005), Spatial Analysis As Tool for Sensitivity Assessment of Sea Level Rise Impacts on
Martinigue, FNU-71

Sesabo, J.K. and R.S.J. Tol (2005), Factor affecting Income Strategies among households in Tanzanian
Coastal Villages: Implication for Development-Conservation Initiatives, FNU-70 (submitted)

Fisher, B.S., G. Jakeman, H.M. Pant, M. Schwoon. and R.S.J. Tol (2005), CHIMP: A Simple Population
Model for Use in Integrated Assessment of Global Environmental Change, FNU-69 (submitted)

Rehdanz, K. and R.S.J. Tol (2005), A No Cap But Trade Proposal for Greenhouse Gas Emission Reduction
Targets for Brazil, China and India, FNU-68 (submitted)

Zhou, Y. and R.S.J. Tol (2005), Water Use in China’s Domestic, Industrial and Agricultural Sectors: An
Empirical Analysis, FNU-67 (submitted)

Rehdanz, K. (2005), Determinants of residential space heating demand in Germany, FNU-66 (submitted)

Ronneberger, K., R.S.J. Tol and U.A. Schneider (2005), KLUM: A simple model of global agricultural land
use as a coupling tool of economy and vegetation, FNU-65 (submitted)

Tol, R.S.J. (2005), The Benefits of Greenhouse Gas Emission Reduction: An Application of FUND, FNU-
64 (submitted)

Rockmann, C., M.A. St.John, F.W. Koster, F.W. and R.S.J. Tol (2005), Testing the implications of a
marine reserve on the population dynamics of Eastern Baltic cod under varying environmental conditions,
FNU-63 (submitted)

Letsoalo, A., J. Blignaut, T. de Wet, M. de Wit, S. Hess, R.S.J. Tol and J. van Heerden (2005), Triple
Dividends of Water Consumption Charges in South Africa, FNU-62 (submitted)

Zandersen, M., Termansen, M., Jensen,F.S. (2005), Benefit Transfer over Time of Ecosystem Values: the
Case of Forest Recreation, FNU-61 (submitted)

Rehdanz, K., Jung, M., Tol, R.S.J. and Wetzel, P. (2005), Ocean Carbon Sinks and International Climate
Policy, FNU-60 (forthcoming, Energy Policy)

Schwoon, M. (2005), Simulating The Adoption of Fuel Cell Vehicles, FNU-59 (submitted)

Bigano, A., J.M. Hamilton and R.S.J. Tol (2005), The Impact of Climate Change on Domestic and
International Tourism: A Simulation Study, FNU-58 (submitted)

Bosello, F., R. Roson and R.S.J. Tol (2004), Economy-wide estimates of the implications of climate
change: Human health, FNU-57 (forthcoming, Ecological Economics)

Hamilton, J.M. and M.A. Lau (2004) The role of climate information in tourist destination choice decision-
making, FNU-56 (forthcoming, Gdssling, S. and C.M. Hall (eds.), Tourism and Global Environmental
Change. London: Routledge)

Bigano, A., J.M. Hamilton and R.S.J. Tol (2004), The impact of climate on holiday destination choice,
FNU-5S (forthcoming, Climatic Change)

Bigano, A., J.M. Hamilton, M. Lau, R.S.J. Tol and Y. Zhou (2004), A global database of domestic and
international tourist numbers at national and subnational level, FNU-54 (submitted)

34



Susandi, A. and R.S.J. Tol (2004), Impact of international emission reduction on energy and forestry
sector of Indonesia, FNU-53 (submitted)

Hamilton, J.M. and R.S.J. Tol (2004), The Impact of Climate Change on Tourism and Recreation, FNU-52
(forthcoming, Schlesinger et al. (eds.), Cambridge University Press)

Schneider, U.A. (2004), Land Use Decision Modelling with Soil Status Dependent Emission Rates, FNU-
51 (submitted)

Link, P.M., U.A. Schneider and R.S.J. Tol (2004), Economic impacts of changes in fish population
dynamics: the role of the fishermen’s harvesting strategies, FNU-50 (submitted)

Berritella, M., A. Bigano, R. Roson and R.S.J. Tol (2004), A General Equilibrium Analysis of Climate
Change Impacts on Tourism, FNU-49 (forthcoming, Tourism Management)

Tol, R.S.J. (2004), The Double Trade-Off between Adaptation and Mitigation for Sea Level Rise: An
Application of FUND, FNU-48 (forthcoming, Mitigation and Adaptation Strategies for Global Change)

Erdil, Erkan and Yetkiner, I. Hakan (2004), 4 Panel Data Approach for Income-Health Causality, FNU-47

Tol, R.S.J. (2004), Multi-Gas Emission Reduction for Climate Change Policy: An Application of FUND,
FNU-46 (forthcoming, Energy Journal)

Tol, R.S.J. (2004), Exchange Rates and Climate Change: An Application of FUND, FNU-45 (forthcoming,
Climatic Change)

Gaitan, B., Tol, R.S.J, and Yetkiner, I. Hakan (2004), The Hotelling’s Rule Revisited in a Dynamic General
Equilibrium Model, FNU-44 (submitted)

Rehdanz, K. and Tol, R.S.J (2004), On Multi-Period Allocation of Tradable Emission Permits, FNU-43
(submitted)

Link, P.M. and Tol, R.S.J. (2004), Possible Economic Impacts of a Shutdown of the Thermohaline
Circulation: An Application of FUND, FNU-42 (Portuguese Economic Journal, 3, 99-114)

Zhou, Y. and Tol, R.S.J. (2004), Evaluating the costs of desalination and water transport, FNU-41 (fWater
Resources Research, 41 (3), W03003)

Lau, M. (2004), Kiistenzonenmanagement in der Volksrepublik China und Anpassungsstrategien an den
Meeresspiegelanstieg, FNU-40 (Coastline Reports, Issue 1, pp.213-224.)

Rehdanz, K. and Maddison, D. (2004), The Amenity Value of Climate to German Households, FNU-39
(submitted)

Bosello, F., Lazzarin, M., Roson, R. and Tol, R.S.J. (2004), Economy-wide Estimates of the Implications of
Climate Change: Sea Level Rise, FNU-38 (submitted, Environmental and Resource Economics)

Schwoon, M. and Tol, R.S.J. (2004), Optimal COx-abatement with socio-economic inertia and induced
technological change, FNU-37 (submitted, Energy Journal)

Hamilton, J.M., Maddison, D.J. and Tol, R.S.J. (2004), The Effects of Climate Change on International
Tourism, FNU-36 (Climate Research, 29, 255-268)

Hansen, O. and R.S.J. Tol (2003), A Refined Inglehart Index of Materialism and Postmaterialism, FNU-35
(submitted)

Heinzow, T. and R.S.J. Tol (2003), Prediction of Crop Yields across four Climate Zones in Germany: An
Artificial Neural Network Approach, FNU-34 (submitted, Climate Research)

Tol, R.S.J. (2003), Adaptation and Mitigation: Trade-offs in Substance and Methods, FNU-33
(forthcoming, Environmental Science and Policy)

Tol, R.S.J. and T. Heinzow (2003), Estimates of the External and Sustainability Costs of Climate Change,
FNU-32 (submitted)

Hamilton, J.M., Maddison, D.J. and Tol, R.S.J. (2003), Climate change and international tourism: a
simulation study, FNU-31 (Global Environmental Change, 15 (3), 253-266)

35



Link, P.M. and R.S.J. Tol (2003), Economic impacts of changes in population dynamics of fish on the
fisheries in the Barents Sea, FNU-30 (submitted)

Link, P.M. (2003), Auswirkungen populationsdynamischer Verdnderungen in Fischbestdinden auf die
Fischereiwirtschaft in der Barentssee, FNU-29 (Essener Geographische Arbeiten, 35, 179-202)

Lau, M. (2003), Coastal Zone Management in the People’s Republic of China — An Assessment of
Structural Impacts on Decision-making Processes, FNU-28 (Ocean & Coastal Management, No. 48
(2005), pp. 115-159.)

Lau, M. (2003), Coastal Zone Management in the People’s Republic of China — A Unique Approach?,
FNU-27 (China Environment Series, Issue 6, pp. 120-124; http://www.wilsoncenter.org/topics/pubs/7-
commentaries.pdf’)

Roson, R. and R.S.J. Tol (2003), An Integrated Assessment Model of Economy-Energy-Climate — The
Model Wiagem: A Comment, FNU-26 (forthcoming, Integrated Assessment)

Yetkiner, I.H. (2003), Is There An Indispensable Role For Government During Recovery From An
Earthquake? A Theoretical Elaboration, FNU-25

Yetkiner, I.H. (2003), A Short Note On The Solution Procedure Of Barro And Sala-i-Martin for Restoring
Constancy Conditions, FNU-24

Schneider, U.A. and B.A. McCarl (2003), Measuring Abatement Potentials When Multiple Change is
Present: The Case of Greenhouse Gas Mitigation in U.S. Agriculture and Forestry, FNU-23 (submitted)
Zhou, Y. and Tol, R.S.J. (2003), The Implications of Desalination to Water Resources in China - an
Economic Perspective, FNU-22 (Desalination, 163 (4), 225-240)

Yetkiner, I.LH., de Vaal, A., and van Zon, A. (2003), The Cyclical Advancement of Drastic Technologies,
FNU-21

Rehdanz, K. and Maddison, D. (2003) Climate and Happiness, FNU-20 (Ecological Economics, 52 111-
125)

Tol, R.S.J., (2003), The Marginal Costs of Carbon Dioxide Emissions: An Assessment of the Uncertainties,
FNU-19 (Energy Policy, 33 (16), 2064-2074).

Lee, H.C., B.A. McCarl, U.A. Schneider, and C.C. Chen (2003), Leakage and Comparative Advantage
Implications of Agricultural Participation in Greenhouse Gas Emission Mitigation, FNU-18 (submitted).
Schneider, U.A. and B.A. McCarl (2003), Implications of a Carbon Based Energy Tax for U.S. Agriculture,
FNU-17 (submitted).

Tol, R.S.J. (2002), Climate, Development, and Malaria: An Application of FUND, FNU-16 (forthcoming,
Climatic Change).

Hamilton, J.M. (2003), Climate and the Destination Choice of German Tourists, FNU-15 (revised and
submitted).

Tol, R.S.J. (2002), Technology Protocols for Climate Change: An Application of FUND, FNU-14 (Climate
Policy, 4,269-287).

Rehdanz, K (2002), Hedonic Pricing of Climate Change Impacts to Households in Great Britain, FNU-13
(forthcoming, Climatic Change).

Tol, R.S.J. (2002), Emission Abatement Versus Development As Strategies To Reduce Vulnerability To
Climate Change: An Application Of FUND, FNU-12 (forthcoming, Environment and Development
Economics).

Rehdanz, K. and Tol, R.S.J. (2002), On National and International Trade in Greenhouse Gas Emission
Permits, FNU-11 (forthcoming, Ecological Economics).

Fankhauser, S. and Tol, R.S.J. (2001), On Climate Change and Growth, FNU-10 (Resource and Energy
Economics, 27, 1-17).

Tol, R.S.J.and Verheyen, R. (2001), Liability and Compensation for Climate Change Damages — A Legal
and Economic Assessment, FNU-9 (Energy Policy, 32 (9), 1109-1130).

Yohe, G. and R.S.J. Tol (2001), Indicators for Social and Economic Coping Capacity — Moving Toward a
Working Definition of Adaptive Capacity, FNU-8 (Global Environmental Change, 12 (1), 25-40).

36


http://www.wilsoncenter.org/topics/pubs/7-commentaries.pdf
http://www.wilsoncenter.org/topics/pubs/7-commentaries.pdf

Kemfert, C., W. Lise and R.S.J. Tol (2001), Games of Climate Change with International Trade, FNU-T
(Environmental and Resource Economics, 28, 209-232).

Tol, R.S.J., W. Lise, B. Morel and B.C.C. van der Zwaan (2001), Technology Development and Diffusion
and Incentives to Abate Greenhouse Gas Emissions, FNU-6 (submitted).

Kemfert, C. and R.S.J. Tol (2001), Equity, International Trade and Climate Policy, FNU-5 (International
Environmental Agreements, 2, 23-48).

Tol, R.S.J., Downing T.E., Fankhauser S., Richels R.G. and Smith J.B. (2001), Progress in Estimating the
Marginal Costs of Greenhouse Gas Emissions, FNU-4. (Pollution Atmosphérique — Numéro Spécial:
Combien Vaut I’Air Propre?, 155-179).

Tol, R.S.J. (2000), How Large is the Uncertainty about Climate Change?, FNU-3 (Climatic Change, 56
(3), 265-289).

Tol, R.S.J., S. Fankhauser, R.G. Richels and J.B. Smith (2000), How Much Damage Will Climate Change
Do? Recent Estimates, FNU-2 (World Economics, 1 (4), 179-206)

Lise, W. and R.S.J. Tol (2000), Impact of Climate on Tourism Demand, FNU-1 (Climatic Change, 55 (4),
429-449).

37



	Technical Efficiency and Small-scale Fishing Households in Tanzanian coastal Villages: An Empirical Analysis.
	Abstract
	1.Introduction
	2.Methodological issues
	3.Data, variables and empirical model
	3.1.Data
	3.2.Variables and variables construction
	3.3Empirical model

	4.Empirical Results and Discussion
	Production Frontier
	4.2Technical efficiency distribution and heterogeneity
	4.3 Determinants of technical inefficiency

	5.Conclusions and Policy Implications
	Acknowledgements
	References
	
	
	Partic




